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Abstract 
The collision of India with Asia and Myanmar led to the uplift of the Himalayas 
and Indo-Myanmar ranges with several molasse basins. The Surma basin and its 
northeast extension, the Barak (Surma-Barak) basin represents a molasse basin which 
was formed due to simultaneous interaction of the rising Himalayas in the north and 
westward moving Indo-Myanmar ranges. The Surma Group of rocks is well exposed in 
parts of Manipur, Meghalaya, Mizoram, Assam, Tripura and Nagaland states of India. 
The Surma Group is underlain by the Barail Group and overlain by the Tipam Group. 
The study area lying in different parts of western Manipur, in and around 
Tamenglong, belongs to Barak basin which is encompassed between two tectonic 
elements viz. the eastern Himalaya and the Indo-Myanmar ranges. Materials eroded from 
mountain belts are preserved in the collisional and foreland basins and can provide a 
record of the orogen's evolution through time. Study of the Barak basin constitutes an 
important aspect to understand the regional geodynamic setting. Petrographic and 
geochemical studies of sandstones and shales have been carried out for determination of 
provenance and tectonic setting of these sedimentary rocks. This study also highlights 
the tectonic evolution of the Barak basin 
The Himalayan belt is divided into four major longitudinal lithotectonic units 
from north to south- the Tethyan Himalaya and the Trans - Himalaya, representing 
fossiliferous Cambrian to Eocene sedimentary rocks, batholiths and volcanic rocks; the 
Higher Himalaya or the Great Himalayas composed of schists, gneisses and granites; the 
Lower, or the Lesser Himalaya, represents southward directed thrusts and nappes 
composed of Precambrian and Paleozoic sedimentary rocks, crystalline rocks and 
granites; the Sub-Himalaya representing the Miocene to Pleistocene molasse separated 
from the Indo-Gangatic plain by the Main Frontal thrust. 
The entire Indo-Myanmar ranges represent an accretionary prism formed due to 
continuous eastward subduction of the Indian plate beneath the west Myanmar block 
from the Late Cretaceous up to the end of the Oligocene, so that the prism as whole 
youngs towards the west. As a result, the flysch deposit of the Disang and subflysch 
Barail Group are accumulated in the Indo-Myanmar ranges. The Indo-Myanmar ranges 
(IMR) comprises of the Naga Hills, the Chin Hills and Arakan Yoma fold belt. The bulk 
of these ranges consist mainly of Cretaceous to Eocene pelagic sediments and a thick 
succession of Eocene to Oligocene flysch, overlain by upper Miocene to Pleistocene 
molasses. 
The study area, in the western part of Manipur consists of well exposed outcrop 
of the Barail Group and the Surma Group with younger Tipam Formation. The Barail 
Group consists dominantly of massive to thickly bedded sandstone with siltstone and 
minor dark grey to khaki green thinly bedded shale. Carbonaceous shale, thin coal 
streaks, twigs and plant impressions are common in the Barail Group. The Bhubon 
Formation, the lower Formation of Surma Group is exposed largely in the Barak basin 
and is characterized mainly by cross laminated, grey micaceous sandstone, sandy shale, 
siltstone, sandy siltstone, silty shale, shale, conglomerate and thin coal streaks at places. 
Ripple marks have been observed in sandstones belonging to Surma Group. The Bokabil 
Fonriation above the Bhubon Formation consists of mudstone, shale, silty shale, sandy 
shale with massive and coarse-grained sandstone. The Tipam Formation consists of 
massive to thick-bedded sandstone with shale. The Barail Group of Oligocene age are 
fluvial but probably passed abruptly (to the southeast of Sylhet trough) into delta and 
prodelta deposits in a rapidly subsiding trough on the west flank of the Indo-Myanmar 
ranges. Sedimentation of the Surma Group was in fluvial, deltaic and open-shelf 
environment in the shallow areas and in submarine fans in deeper parts of the basin, 
followed by mainly fluvial deposition of the Mio-Pliocene Tipam Group. 
The Barail sandstones are characterized by the abundance of dominant 
monocystalline quartz and lithic fragments relative to feldspar. Both K-feldspar and 
plagioclase are present, but plagioclase dominantes in most of the samples. K-feldspar 
generally includes microcline and microperthite. Both biotite and muscovite, with very 
few large biotite grains in some samples are present. Sedimentary lithics, generally shale, 
chert fragment and quartz-rich siltstone are present and common. Slate, phyllite, 
quartzite, quartz-mica lithic fragments are the metamorphic lithics. Very few volcanic 
igneous rock fragments are present in some samples. Ferrugenous and siliceous cement 
occur in many sandstone samples. Iron staining is prominent at grain margins. Matrix, 
which was formed by alteration of mafic minerals, lithic fragments and feldspar, is also 
present. 
The Surma sandstones consist of monocrystalline quartz, polycrystalline 
quartz, lithic fragments, plagioclase and K-feldspar. Polycrystalline quartz consists of 
more than three sub-grains per grain and exhibit suture and straight sub-grains 
boundaries. Plagioclase with albitic twinning is dominant over microcline. Shale, 
siltstone and very fine sandstone are the dominant sedimentary lithic fragments. The 
metamorphic lithic fragments are phyllite, quartzite, quartz-mica lithic fi-agments and 
schist fragments. Both biotite and muscovite are present and muscovite is more common 
and present in all samples. Calcite cement occurs mostly as patchy while in a few 
samples it occurs as poikilotopic cement. Argillaceous matrix as well as silt size matrix 
contains fine quartz grains and mica. The low matrix in calcite cemented sandstone is 
due to totally or partially replacement by calcareous cement. The clasts in the 
conglomerate are mainly elongate to sub-equant and sub-rounded to rounded and mainly 
composed of quartzite, sandstone and shale with sandy matrix support. Myrmekite 
plagioclase is present within the matrix. 
According to Folk's classification, the Barail sandstones are sublitharenite 
and litharenite, although two samples plot in quartzarenite field. The Surma sandstones 
are sublitharenite and litharenite. On QtFL diagram, both the Barail and the Surma 
sandstones plot in the "Recycled Orogen" field. The Barail sandstones fall on the 
"Quartzose Recycled Orogen" field with two samples in the "Craton Interior" field, 
whereas the Surma sandstones plot in the "Quartzose Recycled Orogen" and "Transition 
Recycled Orogen" fields on QmFLt diagram. QpLvLs diagram indicates that both the 
Barail and the Surma sandstones were derived from collision suture and fold-thrust belt. 
On QpLmvLms diagram, the Barail sandstone samples are scattered, 
although most of the samples plot in the suture belt, whereas all the Surma sandstones 
plot in the suture beh field only. On the LmLvLs diagram, both the Barail and the Surma 
sandstones fall on suture belt field. This suggests that the Barail sandstones received 
sediments from multiple sources, however, dominant contribution was from suture belt, 
while the Surma sandstones were derived from the uplifted mountain after collision. 
Qt/F+R vs. Qp/ F+R diagram for the Barail sandstones indicate prevalence of humid and 
semi- humid climatic conditions during the deposition of the Barail. The samples of 
Surma sandstones plot in semi-humid field with two samples in humid field indicating 
semi-humid condition during deposition of Surma sandstones. 
The sub-rounded quartz with distinct overgrowths, polycrystalline quartz with 
multiple grains (>three subgrains) with elongate and suturing contact and lithic 
fragments such as shale, chert, quartzite and phyllite rock fragments suggest derivation 
dominantly from sedimentary and metamorphic source. However, presence of very few 
granite and gneiss fragments, polycrystalline quartz of less than three grains with large 
feldspar and biotite grains suggest minor contribution from the plutonic rocks in the 
source area. Volcanic lithic fragments, not in common and in negligible amount and only 
in some sainples suggest that the volcanic rocks were exposed in the source area. The 
Barail sandstones were derived from multiple source rocks, dominant contribution being 
from sedimentary and metasedimentary rocks. 
Modal analysis of the Surma sandstones reveals abundance of lithic fragments 
and slightly increasing feldspar content indicating shifting of provenance to orogenic belt 
during Miocene. Sub-angular and sub-elongate to elongate monocrystalline quartz with 
significant abundance of labile lithic fragments such as shale, siltstone, phyllite, quartz-
mica schist suggests rapid erosion and less transport. Most monocrystalline quartz grains 
with undulose extinction and fine grained plagioclases showing albitic twinning suggest 
low-grade metamorphic sources. Presence of dominant shale, siltstone, very fine 
sandstone, chert fragments, phyllite, slate, quartz-mica lithic fragments, fine quartzite 
and quartz-mica schist rock fragments suggest sedimentary and metasedimentary or low 
grade metamorphic rocks in the source area. The presence of polycrystalline quartz with 
elongate contact and suture contact, and diverse mica tectonites suggests their derivation 
from metamorphic rocks. Myrmekite plagioclase indicates the igneous source rock. 
Overall framework constituents and texture of sandstones collectively suggest their 
derivation from a complex assemblage of source rock, however, dominantly of 
sedimentary and metasedimentary rocks with minor contribution from igneous rocks and 
locally exposed volcanic rocks. 
The Barail sandstones fall in the "Craton Interior" and "Quartzose Recycled 
Orogen" fields on the QtFL diagram indicating the sediment supply from the orogenic 
belts with minor contribution from craton. The dominance of monocrystalline quartz, 
subangular to subrounded with some rounded and subequant quartz grains with 
potassium feldspar suggest continental source rather than orogenic source. The Barail 
sandstones might possibly received sediments from the Indian Craton, which was also a 
potential source terrane at Oligocene and in light of great distance to the Himalaya at that 
time compared with the proximity of the Indian craton. However, subangular feldspar 
with very few volcanic lithic fragments and increase in the sedimentary and 
metasedimentary lithic fragments indicate initial derivation of sediments from orogenic 
source. The Surma sandstones plot in the "Quartzose Recycled Orogen" and 
"Transitional Recycled Orogen" and suggest that sediments were derived from collision 
suture and fold-thrust belt. Abundance of sedimentary and metasedimentary lithic 
fragments of the Surma sandstones deposited during Miocene were derived from 
orogenic belts, most probably, dominantly from the huge exposed sedimentary and 
metasedimentary rocks of the Lesser Himalaya. During Late Miocene the Indo-Myanmar 
ranges were obducted onto the Indian continental margin and might have started to shed 
sediments for the Surma sandstones. However, there is no strong evidence that huge 
sediments were contributed to Barak basin from arc-continent collision orogenic belt, the 
Indo-Myanmar ranges. Amongst many factors, tectonic activity and the source rock has 
been the dominant factor controlling the nature and composition of the sandstones of the 
Barak molasse basin. From this study, it is suggested that the sediments of the Barail and 
the Surma sandstones were dominantly derived from the rising orogenic belts, the 
Himalayas and the Indo-Myanmar ranges. 
In terms of major element compositions, the Barail and the Surma sandstones and 
shales are on the whole characterized by intermediate Si02 contents, intermediate 
KjO/NajO ratios and high FeiOs (t) + MgO contents. All samples, except one TP-1, have 
usually low contents of CaO (typically < 1 wt %) and high ratios of Al203/(Na20+CaO) 
(typically > 4), indicating either a dearth of original carbonate minerals or depletion of 
CaO and Na20 during diagenetic processes. 
The data show that the Barail sandstones and shales have variable degrees of 
negative correlations for Si02 with other major oxides. The Surma sandstones show 
negative correlations for Si02 with other major oxides and the shales also show variable 
negative correlation between Si02 and other major oxides, however, Si02 shows positive 
correlation with Na20. Except Na20 content of Surma shale, all the samples correlate 
positively with AI2O3, with high correlation coefficient between AI2O3 and K2O, 
indicating clay mineral control on the major element composition. Major oxides when 
compared with Upper Continental Crust (UCC) values, indicate striking similarity with 
all the major oxides of UCC, however, CaO and Na20 are depleted which reflect 
moderate to high weathering and recycling of the source rock. Potassic feldspars were 
not of major importance in the original clastic assemblage, and the main K-bearing 
mineral phase is detrital illite. In addition, in the AI2O3 vs. K2O plot, the samples plot 
close to illite line, which also support that major K2O- and AI2O3- minerals in these 
samples are illite. K2O/AI2O3 ratios of the Barail and the Surma rocks are around 0.2, 
which is typical of illite, which for K-feldspar it is around 0.4-0.45. Very less K-feldspar 
(microcline) in the sandstones samples also reflects the minor contribution of K-feldspar 
from the source rocks from which many of the studied sediments were derived. Lack of 
good correlation between AI2O3 and Na20, except for the Surma shale, suggests that 
mineral phase such as plagioclase does not have major control on the AI2O3 content. 
However, good positive correlation between AI2O3 and K2O indicates K-feldspar control 
on AI2O3. The Fe203 (t) + MgO contents are well correlated with AI2O3 in shales 
containing more than 14% AI2O3. This correlation implies that these oxides are 
associated in phyllosilicates. In the Barail sandstones, the Fe203 (t) + MgO values show 
scattering against AI2O3. This suggests that part of the Fe203 (t) and MgO were 
originally concentrated in accessory minerals. In shale with more than 14% AI2O3, T1O2 
concentration increase with AI2O3, suggesting that Ti02 is probably associated with 
phyllosilicates (illite). CaO, K2O, Sr, Rb and Ba concentration of these sandstones and 
shales are depleted relative to Upper Continental Crust (UCC) and Post-Archean 
Australian Shales (PAAS), however, Rb concentration of the Surma shale are slightly 
higher than UCC. Positive correlations between K-Rb, K-Ba and K-Cs suggest that K-
bearing clay minerals (illite, now muscovite) primarily controlled the abundances of 
these trace elements. Trace elements like Cr, Co, Ni, V and Cu are depleted in the Barail 
and the Surma rocks compared to continentally derived PAAS and North American 
Shales Composite (NASC) but Cr and Ni abundances are slightly enriched when 
normalized to UCC. The low CrA^ ratio ranges from 0.65 to 2.36 and Y/Ni ratio varies 
from 0.09 to 1.66 indicate no significant contribution from ophiolite components for the 
Barail and the Surma clastic rocks. The average concentration of Th and U is 13.4 and 
1.6 respectively in sediments and Th/U ratio ranging from 4 to 17 and average of 9.02, a 
value that is slightly higher than that value of Upper Continental Crust and PAAS. 
With a few exceptions, the REE (rare earth element) patterns are uniform and 
similar to continental crust and typical post-Archean shales with the LREE / HREE ratio 
ranging from 6.5 to 8.4 for the Barail sandstones and from 10.06 to 23.03 for the Barail 
shales and for the Surma sandstones it ranges from 7.56 to 9.2 and for the Surma shales 
from 8.12 to 11.60. On log (Si02/Al203) - log (Fe203 t/K20) diagram, the samples fall in 
the field of shale and the litharenite. Other factors such as heavy minerals have not much 
affected these rocks. CIA values for the Barail sandstones range from 65.46 to 74.39 and 
those of the shales range from 66.24 to 71.69, whereas, CIA values of Surma sandstones 
vary from 61.68 to 77.13 and of the shale ranges from 67.44 to 71.31. The observed CIA 
values of the Barail and the Surma sandstone and shales indicate moderate to higher 
degree of chemical weathering at source area. The bulk samples plot above the feldspar 
join and group between 60 and 80% AI2O3 content on A-CN-K triangle. The Chemical 
Index of Weathering (CIW) value of Barail sandstones and shales ranges from 75.05 to 
89.55 and from 72.94 to 83.74 respectively whereas, for the Surma sandstones and shales 
it varies from 70.73 to 88.09 and 80.13 to 84.33 respectively indicating moderate to 
intense weathering of source rock, which also support the above evidence. PIA vakie for 
the Barail sandstones ranges from 71.29 to 86.88 and that of the shales ranges from 69.90 
to 80.45, whereas, the Surma sandstones have PIA values ranging from 65.70 to 86.11 
and that of the shales range from 75.38 to 80.83, suggesting moderate to intense 
plagioclase weathering. The observation is almost consistent with the CIA values. 
Depletion of CaO, Na20 and Sr in UCC normalized diagram support the moderate to 
intense plagioclase weathering. Paleoweathering condition is also examined with the 
Fe203(t)-K20-Al203 ternary diagram indicating moderate to high weathering in source 
area and sandstones and shales maturity can be seen in the silica- alkalies- mafics (SAM) 
diagram supporting CIA indices and A-CN-K plot. The ICV values of the Barail 
sandstones range from 0.68 to 0.99 and for the Barail shales it ranges from 0.85 to 1.08 
whereas, those of the Surma sandstones range from 0.61 to 1.08 and for the shales it 
varies from 0.73 to 0.95, suggesting that most samples are compositionally mature, and 
most likely dominated by recycled materials, an interpretation that is consistent with 
petrographic observations. However, samples with ICV value slightly greater than 1 
suggest input of first cycle sediment or preferential enrichment of quartz and feldspar 
during deposition. The mixing of some non-clay silicate minerals from a first-cycle 
source for these samples is most probable, as moderate CIA values for such samples do 
not indicate intense chemical weathering. 
Al203/Ti02 ratio of the Barail and the Surma sandstones and shales ranges from 
15.59 to 22.23, comparable to intermediate to felsic igneous rocks, similar to 
granodiorite (andesite) and granite source rock. The A-CN-K, Fe203(t)-MgO- Ti02 and 
CaO-Na20-K20 and SiO2/10-CaO+MgO +Na20+K20 diagrams also suggest that these 
sandstones and shales could have been derived mostly from granodiorite and granite 
source rocks. Further elemental ratios of Th/Sc, Eu/Eu*, (La/Lu)N, La/Sc, Th/Sc, Th/Co 
and Cr/Th of the Barail and the Surma sandstones and shales of Barak basin are more 
similar to the sediments derived from felsic source rocks rather than from mafic source, 
suggesting that these sandstones and shales probably were derived from felsic source 
rocks. 
The Barail and the Surma sandstones fall near the trend expected for heavy-
mineral concentration on Th/Sc-Zr/Sc diagram, however, the shale samples which plot 
near UCC suggest that although minor heavy mineral concentration has occurred in the 
sandstones, the ratios will largely reflect the source material, and the grouping of the 
sandstone samples near rhylolite and the shale samples give a measure of the average 
bulk source composition. Thus, cluster of the samples near the rhylolite and UCC 
composition confirms the felsic nature of the source region, as indicated by major 
element chemistry and the trace element ratios. The Barail sandstones and shales are 
scattered in Th-Hf-Co and La-Th-Sc ternary diagrams, whereas. Surma sandstones and 
shales cluster around the Post Archean Shale (PAAS and NASC) suggesting that they 
have been derived dominantly from a granitoid source. In La/Th vs. Hf plot, the samples 
are scattered, though, mostof the Barail and the Surma sandstone samples fall in the 
felsic source field and cluster around the average composition of upper continental crust. 
However, the shale samples plot in the field indicating derivation from mixed felsic/basic 
source regions. The enriched LREE patterns and the almost flat HREE patterns and 
negative Eu anomaly of these samples indicate that the original source rocks may be 
dominantly felsic. High values of LaN/Smw (2.83-3.46), Law/YbN (7.21-9.91), Cew/YbN 
(7.39-11.83) and GdN/YbN (1.82-2.03) for the Barail sandstones, Law/Smn (3.4-3.96), 
LaN/YbN (12.16-18.25), CcN/Ybw (8.94-13.22, except for one sample TP-1 having the 
rafio of 40.30) and GdN/YbN (2.4-3.24) for the Barail shales, LaN/SmN (2.83-3.62), 
Law/YbN (7.88-10.36), CcN/YbN (6.22-11.14) and GdN/Ybw (1.62-2.43) for the Surma 
sandstones and LaN/SmN (3.51-3.87), LaN/YbN (8.78-17.91), CcN/YbN (6.74-12.83) and 
GdN/YbN (1.62-2.84) for the Surma shales are closely similar with those of felsic igneous 
rocks or reworked sedimentary provenance. 
Ti02 vs. Ni bivariate plot indicate that the Barail and the Surma sandstones and 
shales were mainly derived from felsic source rocks and recycled sediments, which is 
supported by the ICV value. The bivariant plot of Ti02 (%) and AI2O3 (%) is also used 
extensively for determining source rock compositions. This bivariate plot of the Barail 
and the Surma samples indicates that these sediments are originally derived from 
predominantly felsic source with partial contribution from mafic source. This 
interpretation is further supported by the REE vs. K2O ratio plot which shows that the 
samples are cluster near the rocks which are derived from the granite-gneisses, low grade 
metamorphics (Lesser Himalaya), sedimentary and mafic rocks. 
The REE patterns of the Barail (except one sample) and the Surma sandstones 
and shales have more similarity with the gneissic- granite and mica-schist of the Bomdila 
Lesser Himalaya and the leuco- granite of Lesser Himalaya and High Himalaya (to the 
north and above the Main Central Thrust) of Cenozoic age and different from leuco-
granite of North Himalaya (50 km south of the Indus-Tsangpo suture zone of Paleozoic 
age), the granitoids of Central Gneissic Complex of eastern Himalaya and the Trans-
Himalaya Plutonic complex rocks as well as the Disang of Indo-Myanmar which 
suggests that these sandstones and shales were predominantly derived from the eastern 
Himalaya and the leoco-granite of Lesser and Higher Himalaya. In the Eu/Eu* vs. 
(Gd/Yb)N plot, the Barail sandstones and shales are scattered. However, they plot close 
to gneissic-granite and mica-schist of the Bomdila Lesser Himalaya and the leuco-
granite of High and Lesser Himalaya, indicating the mixing of the sediments from 
different source rocks, whereas, the Surma sandstones samples fall below (Gd/Yb)N = 
2.0 boundary line, except for one sample, which fall above this line. However, the Surma 
shale samples show scattering. The Eu/Eu* and (Gd/Yb)N ratios of the Surma sandstones 
and shales fall more or less near to the gneissic- granite and mica-schist of the Bomdila 
Lesser Himalaya and leuco-granite of Lesser Himalaya, which suggest that the Bomdila 
Lesser Himalayan gneissic-granite and mica-schist and leoco-granite of the Lesser 
Himalaya could be the predominant source rocks for Surma sandstones and shales. Cr 
and Ni are slightly higher in the Barail and the Surma sandstones and shales when 
compared with the average trace elements composition of the Bomdila Lesser Himalaya 
samples. 
Both petrography and geochemistry of the Barail and the Surma sandstones and 
shales suggest that granite-granodiorite, sedimentary or metasedimentary rocks of typical 
upper continental crustal composition were in their provenance with minor contribution 
from mafic rock, volcanic and ophiolite rock suites. Ophiolite and volcanic detritus in 
these samples, though negligible in amount, may have been derived from the Indo-
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Myanmar ranges to the northeast and east which lie in proximity to this study area. This 
study suggests that during Oligocene the Himalaya started to supply sediment to this 
Barak basin, which lies between the Himalaya and the Bengal basin. The Barail and the 
Surma sandstones and shales indicate that these samples were deposited under oxidizing 
depositional environment and it is suggested that the sandstones and the shales of the 
Barail and the Surma were deposited in similar paleo-oxygenated condition. 
The Barail and the Surma clastic rocks of this study area deposited in the 
tectonic setting transitional between passive and active continental margin. The 
provenance signature always does not necessarily reflect the true depositional setting, but 
inherits the original source signature. More variable lithic fragments from petrographic 
study and the scattered samples of this study area in most discriminant diagram of 
provenance and tectonic setting indicate more complex assemblage of source rocks. In 
the light of the lack of geochemical data for the clastic rocks of the Barak basin, the 
present study will be helpful to elucidate the provenance and tectonic evolution of this 
area. Conipare with the geochemical data of possible source rocks from adjoining areas 
so as to better constrain the provenance for the clastic rocks of this study area and to 
reconstruct tectonic evolution of the Barak basin, it is proposed that tectonic setting of 
the Barak basin where the Barail and the Surma sandstones and shales were deposited 
and adjoining area of Naga Hills (Nagaland state) where the Disang and the Barail are 
exposed records a complex tectonic evolution from passive to an active continental 
margin, which is consistent with the general geology of the Indo-Myanmar orogenic belt 
and associated basin. 
Combined petrologic and geochemical data of the clastic rocks compositions can 
be used to decipher the tectonic evolution of this region and to reveal the effects of 
tectonic events on the northeast margin of India. Thus, this study elucidates that modal 
and geochemical signatures of the Barail and the Surma clastic rocks can be used as a 
reliable proxy to delineate source rock composition, source area weathering, provenance, 
tectonic setting and tectonic evolutionary history of the Barak basin related to the 
orogenic uplift of the Himalaya and the Indo-Myanmar ranges. 
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The Indo-Myanmar (Burma) region is a complex tectonic area where major 
tectonic and subduction events have been identified from Late Cretaceous to Mid-
Miocene and Quaternary (Mitchell, 1993a). The collision of India with Asia and 
Myanmar led to the uplift of the Himalayas and Indo-Myanmar ranges with several 
molasse basins. The Indo-Myanmar ranges (Fig. 1) lie between the Himalayan 
collision belt in the north and the Andaman Arc in the south, where the Indian plate 
is subducting beneath the Myanmar plate. Thus,, Indo-Myanmar orogenic belt 
constitutes important geotectonic feature in the framework' of South-East Asia. The 
Surma basin and its northeast extension, the Barak (Surma-Barak) basin represents a 
molasse basin (Fig. 1). The Surma basin was formed due to simultaneous interaction 
of the major tectonic elements-the rising Himalaj'as in the north and westward 
mioving Indo-Myanmar mobile fold belt. The Barak basin is bounded by Shillong 
Massif in northwest and Barail Range in the north separating it from the 
Brahmaputra sub-basin and by the Himalayas at distance north while Tripura Fold 
Belt bounds it on the south. On the east, it is bounded by Barail-Manipur ridge and 
gradually passes into the Bengal Foredeep in the southwest. The Barak basin lies in 
the states (geographically) of Meghalaya, Manipur, Mizoram, Assam, Tripura and 
Nagaland. The Surma Group, named after its type area in Surma valley by Evans 
(1932), is well exposed in parts of Manipur, Meghalaya, Mizoram, Assam, Tripura 
and Nagaland states of India. The Surma Group is underlain by the Barail Group and 
overlain by the Tipam Group. 
The study area lying in different parts of western Manipur, in and around 
Tamenglong, belongs to Barak basin which is encompassed between two tectonic 
elements viz. the eastern Himalaya and the Indo-Myanmar ranges. The basin might 
have received the detrital sediments from these orogenic belts and can throw light 
relating to uplift and unroofing history of the orogens. Study of the Barak basin, 
thus, constitutes an important aspect to understand the regional geodynamic setting. 
However, very few studies have been carried out to infer the provenance and envi-




Fig. 1. Regional tectonic map of the study areas and adjoining 
areas (after Uddin and Lundberg, 1998 a, b). 
ronment of the sedimentary rocks in this area. No geochemical studies were 
reported from this study area. The Indo-Myanmar ranges, however, has been studied 
more in detail in terms of stratigraphy and structural geology (Evans, 1932; 
Brunchweilewer, 1966; Desikarchar, 1974; Mitchell, 1981, 1993a, b; Acharyya, 
1986a, b, 1990, 1997; Acharyya and Ghosh, 1986; Nandy, 2001), paleontology 
(Rangarao, 1983; Dasgupta and Biswas, 2000; Ganguly, 1993) and gravity and 
seismicity (Mukhopathya and Dasgupta, 1988; Satyabala, 2003). 
The assessment of provenance and tectonic setting of sedimentary rock is 
mainly based on petrographic and framework analysis (Dickinson and Suczek, 1979; 
Dickinson and Valloni, 1980) and geochemical studies of clastic rocks (Bhatia, 
1983; Bhatia and Crook, 1986; McLennan et al, 1980). Quantitative clastic 
petrography which is a powerful tool for interpreting the provenance of modem and 
ancient terrigenous wedges (Dickinson, 1988) has been employed to understand the 
evolution of the mountain belts and associated sedimentary basin in this area. 
However, in addition to petrographic method, geochemical approach of sandstones 
and shales are also used for determination of provenance and tectonic setting of 
these sedimentary rocks. This study will, thus, provide petrographic information on 
the sandstones to throw light on the provenance, depositional environment and the 
tectonic setting of the basin. The study is carried out focusing on petrography and 
geochemistry to decipher the tectonic evolution of the Barak basin. An attempt has 
also been made to decipher the relationship between the basin fill and the uplift of 
the orogenic belts. 
Geochemical data of the detrital sediments from the Indo-Myanmar ranges 
are meager. Recent works on geochemical studies of sedimentary rocks from the 
Indo-Myanmar ranges are confined to small areas. The results of geochemistry from 
this study area were compared with the data of similar studies conducted on other 
adjoining areas to locate source area and to reconstruct the tectonic evolution of the 
basin related to the orogenic belt. Thus, this work may be helpful towards 
understanding the paleoenvironment of deposition and paleotectonic evolution 
particularly of Barak Basin related to the two well known orogenic belts, the 
Himalayas and the Indo-Myanmar ranges (Fig. 1). 
3 
Previous Work 
Considerable work has been done to describe the relationships between 
tectonism and sedimentation, to reconstruction stratigraphic sequence and to 
document the geological processes that occurred in the orogenic areas. Occurrences 
of Cretaceous flysch containing limestone and serpentinite were first reported by 
Oldham (1883) ft-om northeast Manipur. Pascoe (1912) reported the occurrence of 
serpentinite and other igneous rocks from eastern part of Nagaland. Evans (1932) 
established more or less complete lithostragraphic classification for the Tertiary 
sedimentary succession exposed in the Assam and its adjoining areas. 
Seismotectonics of the region has been studied by Le Dain et al. (1984), 
Mukhopadhya and Dasgupta (1988) and Ni et al. (1989) through the analysis of 
hypocenter trends using seismic data. Graham et al. (1975) and Mitchell and 
McKerrow (1975) suggested that the development of the orogenic belt was due to 
the collision of the Indian plate with Myanmar plate. According to Acharyya (1997), 
the narrow ophiolitic zone does not represent the eastern suture of the Indian plate 
"as is generally believed". 
Currey et al. (1979) and Mukhopadhya and Dasgupta (1988) agree that 
convergence between Indian and Myanmar plate has resulted in subduction of 
oceanic crust beneath Myanmar, with the trailing margin of Indian plate currently 
passing obliquely into the foreland of the Indo-Myanmar ranges. Thus, the tectonic 
and structural development of this region is more readily explained by accretionary 
prism formation. The accretionary prism that formed above the subducting Indian 
plate has been termed as "Neogene accretionary prism" by Dasgupta and Nandy 
(1995). Ni et al. (1989) also believed that convergence since Late Miocene time has 
obducted the accretionary prism onto the Indian continental margin and has formed 
the modem Indo-Myanmar ranges. From recent geological studies it is suggested 
that the Indo-Myanmar region has experienced continual changes in tectonic 
regimes and the present subducting regime was initiated about 13 Ma ago during the 
Mid-Miocene (Satyabala, 2003). 
Encroachment of the Indo-Myanmar ranges from the east and the Himalayas 
from the north caused accelerated subsidence of the Sylhet trough (Surma basin) and 
the Bengal basin where voluminous sediments were deposited in a prograding delta 
(Johnson and Alam, 1991; Uddin and Lundberg, 1998 a, b). Uddin and Lundberg 
(2004) suggested that proximal deposition of a portion of orogenic sediment from 
the eastern Himalaya and the Indo- Myanmar uplift has built a thick sequence 
(20 km) of deposits in the Bengal basin. 
Geological studies and classification of various lithounits of the Manipur 
Hills have been given with general accounts related to the Indo-Myanmar ranges. A 
changing trend in the classification and subdivision especially of the Disangs and the 
Barails has been provided by Bohra and Meshram (1986). Singh (1992) worked on 
the petrochemical aspects of carbonate rocks of Ophiolite Melanges zone. The 
structural features particularly in Manipur state and its adjoining areas were studied 
by Ibotombi (1993, 1998). Chinkhei (2002) applied GIS techniques in evaluation 
and monitoring the vegetation in Barak basin. However, no detail studies on the 
petrography and geochemistry of the clastic rocks of the Barak basin have so far 
been carried out. In this present study, I make an attempt to present petrographic and 
geochemical investigation result of the clastic sediments of the Barak basin. 
Geography and Accessibility of the Area 
Barak basin, occupying Meghalaya, Manipur, Mizoram, Assam, Tripura and 
Nagaland, encompasses between the latitutes 23° 10' N- 24°40' N and the longitudes 
93°00' E-94''30' E. The rugged topography of the area has variation in altitude from 
above 1260m to below 180m above sea level. It has a number of streams viz. Jiri, 
Makru, Irang, Leimatak and Tuivai, which flow from north to south and join the 
Barak river. The drainage pattern of Barak river and its tributary system takes a turn 
of about 360° at Tipaimukh (24°14 N and 93°1.3 E approximately) giving rise to 
what is called, barbed pattern. It is also observed that main Barak river course and its 
tributary system are all controlled by faults and fractures as they all show 
rectangular to sub- rectangular drainage patterns. The watershed of Barak falls under 
the rugged hills with steep slopes and narrow gorges. There are two major 
physiographic regions in this basin, namely the hilly region and the plains. The 
rivers form the large alluvial plains in the lower part of Assam, which are affected 
by frequent floods. The Barak basin receives high rainfall of 3126 mm/yr. The 
nearest railway station is located at Jiribam (western Manipur) and the nearby 
airport is at Imphal (Manipur) and Silchar (Assam). The basin is covered with forest 
and hills. The communication is only road network, which is rather poorly 
developed in the basin. The sparsely inhibited villages are connected with bridle 
path. Some of the interior villages can be reached only by trekking for three or four 
days from the road. These make the area quite difficult to carry out field 
investigation and sample collection and this area remain least explored. 
Purpose and Scope of Study 
Materials eroded from mountain belts are preserved in the collisional and 
foreland basins and can provide a record of the orogen's evolution through time. 
Study of these sediments, therefore provides a complementary approach to 
traditional methods that focus on the rocks of the mountain belt in which earlier 
information may often get overprinted by later metamorphism or removed by 
tectonism or erosion. The uplift-denudation of the Himalayas since the continental 
collision has not been uniform throughout the time. The rate of uplift and degree of 
erosion of the Indo-Myanmar ranges has not yet been studied in detail. During 
Eocene and Oligocene time, the Himalayas must have been more than 1500 km to 
the north of the Bengal basin (Le Fort, 1996), across an intervening region that has 
since been almost entirely subducted, or underthrusted beneath the Himalayas. The 
Barak basin lies in transition between the Himalayas and the Bengal basin. Very few 
research works has been carried out in this transition region and little is known about 
this area. This study on petrographic and geochemical analyses of clastic rock from 
this transition region may provide insight to evaluate the initiation and evolution of 
the mountain belts. Field investigations were carried out in and around Tamenglong 
having altitude of 1583m above mean sea level. Quadrangular Survey of India 
toposheet number 83G/12, 83 H/I, H/5,H/6, 83/1/9 83/K and 83/L surveyed during 
1977-1978 and revised version surveyed during 1979-1980 were used as the base 
map for field investigation and sample collection. 
The present work is carried out to understand the provenance and tectonic 
evolution of the basin and will help to know the orogenic processes. To achieve this, 
the samples from the Surma Group and the Barail Group have been collected from 
all the possible geographical areas where these rocks were exposed. The locations 
from where samples were collected are shown in Fig. 2. Thick forest and poorly 
developed communication always pose problemis for sampling and field 
investigation. 
The important aspects that constitute the scope of the work include: 
1. Field investigations to understand lithostratigraphic character and 
collection of rock samples of sandstone, siltstone, shale and 
conglomerate from the Surma and the Barail Group. 
2. Petrographic analysis of the clastic rocks (especially sandstone and 
conglomerate pebble) with a view to understand nature of 
paleoweathering, paleoclimate, provenance and tectonic evolution. 
3. Geochemical analysis to generate good quality data comprising of major 
and trace elements including rare earth elements of shale and sandstone 
to constrain the source of the sedimentary sequences and to decipher 
whether there was any significant changes in the location of the source 
areas and to assess the paleoweathering conditions and paleoclimate 
condition prevailed during their deposition. 
4. To reconstruct the tectonic evolution of the basin of deposition of the 
sediments from the petrographic and geochemical study of the clastic 
rock from this basin. 
5. To constrain the unroofing history of the eastern Himalayas and the Indo-
Myanmar ranges, in particular the early stage of orogenesis. 
6. An attempt has also been made to compare the geochemical data of the 
clastic rocks of the Barak basin with the available petrographical and 
geochemical data to elucidate a model of tectonic evolution of the region. 
Fig. 2. Simplified geological map of the study area, Barak 
(Surma-Barak) basin (Chingkhei, 2002), showing the im-
portant sample location. 
Organisation of Thesis 
Chapter 1 is the introductory chapter of the thesis, which includes problem 
statemsnts, brief description of the region, previous work, geography and 
accessibility of the study area followed by the purpose and scope of the study. 
Chapter 2 describes the geological set up of the study area and its adjoining areas 
and also described the possible age of Group/ Formation. Chapter 3 contains 
petrographic study and interpretation of the result to constrain the possible 
provenance, paleoclimate and tectonic setting. Chapter 4 presents the geochemical 
characterisation and geochemical classification. Chapter 5 includes the 
interpretation of the petrographic observation and geochemical data analysis to 
constrain the paleoweathering and provenance of the clastic rocks of the basin. 
Chapter 6 presents the tectonic setting and tectonic evolution of the basin. Possible 
relationship between the sedimentation and uplift of the orogenic belt is also 
included in this chapter. The disscussion and conclusion of the thesis is described in 
Chapter 7. 
CHAPTER-2 
REGIONAL GEOLOGICAL SETTING 
REGIONAL GEOLOGICAL SETTING 
The timing of initiation of India-Asia collision remains a matter of debate 
(Cochran, 1990; Butler, 1995) with views ranging from Late Cretaceous-Tertiary 
boundary (Klootwijk, et al., 1992) to various times in Eocene (Rowley, 1996; 
Najman and Garzanti, 2000). The collision between India and Eurasia did not take 
place simultaneously along the entire Himalaya belt (Dewey et al., 1998; Burchfield, 
1993). It has been suggested that collision began near the western syntaxis by at 
least Eocene times but it apparently did not begin until considerably late (although 
by earliest Miocene time) in the east (Uddin and Lundberg, 1998a). Bhattercharjee 
(1991), however, suggested that the subduction of the Indian plate under the 
Myanmar plate was initiated during the Cretaceous and collided with the Shan-
Tanasserim block during Eocene times (Nandy, 1982). Post-collision crustal 
shortening in Assam region eventually displaced the suture that once was a 
continuous belt (Mitchell, 1983). Folding within the Indo-Myanmar ranges occurred 
throughout the Late Cenozoic and indicates east-v/est shortening (Evans, 1964; 
Brunnschweiler, 1966; Mitchell and McKerrow, 1975). 
TWO OROGENS 
The Himalayas 
The Himalayan belt is divided into four major longitudinal lithotectonic 
units. The lithologic and tectonic characteristics of these belts remain constant over 
long distance along strike (Gansser, 1964; Windley, 1983). The four litho-units of 
the Himalayas from north to south are: 
1) the Tethyan Himalaya and the Trans Himalaya, representing fossiliferous 
Cambrian to Eocene sedimentary rocks (shallow-water deposits, such as 
limestone, calcareous sandstone and dolomite), batholiths and volcanic rocks 
2) the Higher Himalaya or the Great Himalayas composed of schists, gneisses 
and granites and located across the Indus-Tsangpo suture 
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3) the lower, or the Lesser Himalaya, which represent southward directed 
thrusts and nappes composed of Precambrian and Paleozoic sedimentary 
rocks, crystalline rocks and granites and 
4) the Sub-Himalaya (outer Himalaya) representing the Miocene to Pleistocene 
molasse deposits of the Siwaliks, separated from the Indo-Gangatic plain by 
the Main Frontal thrust. 
The eastern arm of the Himalayan terrain, east of Nepal from Darjeeling to 
Arunachal Pradesh is known as Eastern Himalaya which is linked with the northern 
end of the Indo-Myanmar ranges around eastern syntaxial bend. It abuts against the 
Indo-Myanmar plate along the Tidding Suture in the east. In northwestern and 
Central Himalaya, the contact zone between High (Greater) Himalaya and Lesser 
Himalaya is known as Main Central Thrust (MCT), and the same contact zone 
between the Lesser Himalaya and Foreland Tertiary rock is known as Main 
EJoundary Thrust (MBT) in eastern Himalaya. The western and eastern Himalayas 
are different in lithology, structure and others features and these are attributed to the 
differences of thning of collision of India. The sediments of Eastern Himalaya were 
deposited on the north eastern shelf (margin) facing Myanmar which was opened to 
the sea much later during the Cretaceous, whereas the north western shelf (margin) 
became available for sedimentation from Late Triassic to Early Jurassic to Early 
Eilocene and should have been facing the south Tibet. Based on radiometric age data, 
fossil evidence and paleomagnetic data, Hodges (2000) explained that the eastern 
Himalaya appears to be the lower/younger level of collision and also suggested that 
collision in the east commenced around early Eocene 40-50 Ma and multiple phases 
of uplift and mountain front basin formation have been continuing since then. The 
eastern most part of the Himalayas exposes a thick sequence of metasedimentary 
and associated granite-gneiss, granodiorite and granite with mafic and ultramafic 
intrusives, which are collectively referred to as the Lohit Complex (Annon, 1974). It 
is the northern continuation of the Precambrian rocks of the Mogok Belt of 
Myanmar (Nandy, 1980). The Mishmi Formation of the Mishmi Hills extending 
from Namcha Barwe in the northwest to Dapha Bum in southeast abutting against 
the Naga-Patkai ranges along Mishmi Thrust. The intrusive rocks of this formation 
include diorite, tonalite and granodiorite. The diorite-granodiorite intrusions 
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occasionally contain bands of mafic rocks and schist, metamorphosed to medium to 
high grade, as xenoliths and roof pendants of host rocks. 
The Eastern Himalaya, at its easternmost, occupies almost the whole of 
Arunachal Pradesh and the three well-known E-W trending physiographic units of 
the Eastern Himalaya are exposed, viz.: 
i) Neogene molasse accumulation in the foredeep, now forming the Siwalik 
Hills 
ii) Gondwana sediments, of both continental and marine origin, structurally 
overlain by an older sequence of carbonate, orthoquartzite and low grade 
schist. These rock groups together form the Lesser Himalaya and are 
separated from the Siwalik Hills by the Main Boundary Thrust (MBT). 
The supersequence which includes low to medium grade metasediments 
comprising quartzite with penecontemporaneous mafic, metavolcanics 
and carbonates, associated ortho-gneisses and granites and mafic 
intrusives constitute the Bomdila Group and is extensively exposed in the 
lesser Himalayas 
iii) High grade schist, gneiss and patches of granite forming the Central 
Crystalline of the Higher Himalaya which are separated from the Lesser 
Himalaya pelagic sediments by the Main Central Thrust (MCT). Se La 
Group consisting of metasediments of greenschist to amphibolite facies 
is well exposed in the Higher Himalaya. To the north of Central 
Crystalline rocks, lies the Tethyan belt of Paleozoic-Mesozoic sediments 
which override the crystalline basement at places along the Main 
Northern Thrust (MNT); further north lies the ophiolite melange zone of 
Indus- Tsangpo suture. 
The Indo-Myanmar Ranges 
Because of inaccessibility of the region, the study area remains one of the least 
explored of the Indo-Myanmar orogenic belt. Previous studies of the orogenic belt 
and its adjoining areas are briefly reviewed here in order to understand the 
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geological and tectonic setting of the study area, which is part and parcel of the 
orogenic belt. The entire Indo-Myanmar ranges represent an accretionary prism 
formed due to continuous eastward subduction of the Indian plate beneath the west 
Myanmar block from the Late Cretaceous up to the end of the Oligocene, so that the 
prism as whole youngs towards the west (Hutchison, 1989; Varga, 1997). As a 
result, the flysch deposit of the Disang and subflysch Barail Group are accumulated 
in the Indo-Myanmar ranges. Two tectonosedimentary zones can be indentified, 
longitudinally, within the Indo-Myanmar ranges: (i) the inner flyschoid zone with 
ophiolite and (ii) the outer flysch-molasse zone (Mitra and Yadekar, 1987). 
The Indo-Myanmar r^ges (IMR) comprises of the Naga Hills, the Chin 
Hills and Arakan Yoma fold belt. The bulk of these ranges consist mainly of 
Cretaceous to Eocene pelagic sediments and a thick succession of Eocene to 
Oligocene flysch, overlain by upper Miocene to Pleistocene molasse 
(Brunnschweiler, 1966; Ni et al., 1989). Mitchell ajid McKerrow (1975) and Currey 
et al. (1979) suggest that the Indo-Myanmar ranges were sea-floor trench deposit 
containing ophiolite melanges scraped off the underthrusting Indian plate. The 
entire range is characterized by north-south trending folds but vary widely in their 
physiography. The Naga Hills have an average elevation of 3000 m, decreasing 
southward to 2000 m in the Chin Hills and to about 1000 m in the Arakan Yoma 
Hills. This progressive southward decrease in elevation may have possibly resulted 
from variations in the geometry and rheology of the subducted plate (Rai et al., 
1996). To the east of the IMR lie the central lowlands comprising of deltaic and 
fluvial sediments (Mitchell and McKerrow, 1975) which are bisected by an N-S 
trending Myarmiar volcanic arc comprising of andesites and rhyolites of ages 
varying from 20 Ma to recent. The western edge of the range is bounded by thrusts 
along the Naga-Hills in the north and with folds and thrust in the Bengal basin (Le 
Dain et al., 1984; Nandy, 2001). The Kabaw fault zone form a tectonic break 
between the Indo-Myanmar ranges and the Central Lowlands on the eastern edge of 
the Indo-Myanmar ranges (Hla Maung, 1987). 
The Naga Hills, the northernmost segment of the ranges, terminate against 
the continental mass of the Mishmi Hills and toward the west it is juxtaposed against 
the Shillong-Mikir massif (Indian shield) and Tertiary self sediments of Assam 
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basin. The belt of Schuppen, group of imbricated thrust lies between these two 
domains. The Naga Hills, comprising principally of Naga-Patkai Hills and the 
northern part of Manipur Hills, has been described in terms of two longitudinal belts 
such as (i) the Naga Hills Paleogene flysch sediment and (ii) Naga-Chin Hills 
Ophiolite Belt (Acharrya, 1986a). 
Naga Hills Paleogene Flysch 
The Naga Hill Paleogene flysch sediments characterized by folded and 
faulted thick deposits of monotonous flysch sediments known as Disang (early 
Cretaceous to "Eocene) and sandy subflysch Barail (Eocene to Oligocene) occupies 
the western part of Naga Hills. Manipur Hills (23°50'-25°41' N and 93W-94°45' E 
at northeast India) lie between the Naga-Patkai Hills on the north and north-east and 
the Chin Hills on the south forming an integral part of the Indo-Myanmar ranges 
(IMR). The structural and tectonic pattern of the region is transitional between NE-
SW trend of the Naga-Patkai Hills and the N-S trend of the Chin Hills. The region is 
principally made up of Tertiary sediments with deep sea sediments such as chert, red 
and black clays/shales, limestone and flysch sediments with minor igneous and 
metamorphic rocks. The geological and tectonic setting of this region is similar to 
that of the IMR. Here, the geological and tectonic setting of this region and the Indo-
Myanmar ranges has been discussed together. Geological map of the study area and 
its adjoining areas showing major lithounits is shown in Fig. 3. A general 
stratigraphic succession of the study area and its adjoining areas is given in Table 1. 
The thick monotonous sequence of the Disang Group occupies a major part 
of the Naga-Patkai Hills and Manipur Hills. The coarse sandy Barail Group of rocks, 
which overlies the finely dispersed clay deposits of Disang, were deposited due to 
shallowing of the basin as exhibited by shallow marine fauna and plant fragments 
recorded from the Barail Formation (Acharyya and Ghosh, 1986). The Disang and 
the Barail Groups are well exposed in Upper Assam, Nagaland and large area of 
Manipur. These Disang and Barail Group of rocks are characterized by intense 
folding and fracturing of significant deformation and form the major flysch basin of 










Fig. 3. Geological map of the study area and its adjoining areas 
(Manipur) showing major lithounits of the orogenic belt, 
Indo-Myanmar ranges (Brunnschweiler, 1966; Mitchell and McKerrow, 1975; 
Nandy, 1980; Ibotombi, 1993,1998). 
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Table 1. Stratigraphic succession of the study area and its adjoining places 
(Ibotombi, 1993,1998). 
Group/ Formation Lithology 
Alluviums Dark grey to black clay, silt and sandy deposits of fluvio- lacustrine 
(Quaternary-Holocene origin. Many fluvial alluviums in the Barak valley area of western, 
















Clay, sand, the foothills and old river terraces. Mottled clay, mottled 
sandy clay, sandy shale, claiyed shale and sandstone. 
Greenish to blue, moderate to coarse ferruginous sandstone with 
sandy shale and clay. Often brown to orange due to weathering. 
Molasse type of deposits 
Unconformity 
Shale, sandy shale, siltstone, massive to false- bedded ferruginous 
sandstones. 
Alternations of sandstones and shales with more argillaceous in the 
middle and minor conglomerates. Transitional characters from flysch 
to molasse sediments. 
Unconfomity. 
Massive to thickly bedded sandstones. Alterations of shale and 
sandstone with carbonaceous matters. Intercalations of bedded 
sandstones with shales. 
Dark grey to black, splintery shales and intercalations of shales, 
siltstones and sandstones showing occasionally rhythmite characters. 
Unconfomity (partly) 
Basic and ultrabasic intrusive and extrusive of periodtite, 
gabbro, serpentinite composition. Associated sediments 
are mainly pelagic such as chert, limestone and shales. 
Unconformity 
Metamorphic complex Low to medium grade metamorphic rocks of various 
(Pre-Mesozoic or Older) composition, phyllitic schists, quartzites, micaceous 





The Disang Group is composed of thick, poorly fossiUferous, tightly folded and 
thrust zones of turbidites flysch, and pelagic sediments with ophiolite (Evans and 
Mathur, 1964; Brunnschweiler, 1966). In Manipur, Disang is characterized by a 
monotonous sequence of dark grey to black splintery shales and sometimes 
intercalation of shales and siltstone or fme to medium grained sandstone of light to 
brownish grey color. Low grade metamorphism displaying slaty cleavages and 
several horizons of limestones occur in association v/ith Disang shales. The Disang 
Group, which is of 1000m thick, showing rhythmic alterations of graded sandstone 
and shale is exposed in eastern Manipur (Nandy, 2001). Rangarao (1983) assigned 
Maestrichtian age for the Lower Disang horizon in Manipur on the basis of fauna. 
Dictyoconoids of Middle Eocene affinity have been recorded from Disang Group in 
Nagaland (Sinha and Chatterjee, 1982). However, recently, Acharrya et al. (1986) 
suggested an upper Eocene-Oligocene age on the basis of rich Nummulites. The 
Disang and the Barail show lithological and faunal continuity. 
Barail Group 
The Barail Group consists dominantly of massive to thickly bedded 
sandstone with siltstone and minor dark grey to khaki green thinly bedded shale. 
Carbonaceous shale, thin coal streaks, twigs and plant impressions are common in 
the Barail Group. Barail exposed in western Manipur has total thickness of 1700m 
and 2,665 m in Naga-Hills (Rangarao, 1983). Banerji (1984) has reported a 
thickness of 800-1600m of the Barail deposit from Bengal basin and 900 m of 
thickness from Sylhet trough has been reported by Johnson and Nur Alam (1991). 
The Barail Group is predominantly arenaceous with interbands of shale and has 
comparatively abundant carbonaceous matter. The Barail Group of rocks continues 
southward forming a 30-40 km wide belt of hill feature in west Manipur, east 
Mizoram and the Chin Hills (Dasgupta and Biswas, 2000). Evans (1932) suggests an 
Auversian age for the lower part of Barail. Age of the Barail Group of rocks ranges 
from Upper Eocene to Oligocene (Dasgupta and Biswas, 2000; Rangarao, 1983). 
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Naga-Chin Hills Ophiolite Belt 
The Naga-Chin Hills ophiolite belt overthrust the folded young Disang 
sequence, and to its east, these ophiolitic rocks and their sedimentary cover are 
overthrusted by the Naga Metamorphic Complex of possible Proterozoic age and a 
cover sequence of the Nimi Formation made up of Orbitolina-hearing limestone and 
arkosic quartzite containing potash feldspar (Acharyya and Ghosh, 1986). These 
discontinuous exposures of metamorphic rocks occur all along the eastern edge of 
the Indo- Myanmar erogenic belt. They are well developed in the northern part of 
Nagaland state of India and adjacent Myanm;ar area where they have been termed as 
the Naga-Metamorphics (Brunnschweiler, 1966). The low grade metamorphic rocks 
of the area comprised of phyllite, quartzite and crystalline limestone forming the 
high ridge of the Indo-Myanmar border in the Naga-Hill. The metamorphic 
assemblanges are also associated with schistose quartzite, granite gneiss, slices of 
shear granite, volcanics and serpentine. Metamorphism reached up to lower 
greenschist facies. In Manipur, this metamorphic belt overlies the ophiolte melange 
zone and show low to medium grade metamorphism and consists of phyllitic schist, 
quartzite, marble, granite and gneiss. The contact between the Naga metamorphics 
and the flysch is always a tectonic one. It is agreed that the metamorphics of the 
Naga complex are much older than the flysch. Ophiolite sequences are common in 
the metamorphics of Naga Hills which occur as intmsive sills are serpentinised. 
Brunnschweiler (1966) also assigned a pre-Mesozoic or older age to the rocks of this 
beh. The ophiolite belt which follows the axis joining Nagaland and Manipur within 
the Indian Territory and those of the Chin-Arakan-Yoma presumably marks the pre-
coUision boundary between the Indian and the Myanmar plates. The general trend of 
the ophiolite belt is NE-SW or NNE-SSW and they are highly dismembered with the 
Disang rocks occurring along high angle reverse fault suggesting tectonic contact 
marked by shearing, brecciation and silification and this belt exhibits characteristics 
of obduction onto the continental margin (Saikai, 1999). The Naga-Chin Hills 
Ophiolites (NACHO) were mainly emplaced during the early-middle Eocene due to 
initial collision between the sea-mount chain and the Central Myanmar Continent 
(Acharyya, 1990). 
Surma Group 
The western contact of this Naga Hills Paleogene flysch sediment is marked 
by Disang thrust and by Nugba thrust, on western Manipur and beyond this, the 
Surma Group of rocks were deposited on the west. Folded Neogene molasse 
sediments comprise the folded belt of the Surma valley, Tripura-Mizo Hills, western 
Manipur, Chittagong tracts and coastal Myanmar, collectively called the Surma 
basin (Dasgupta, 1984) which is exposed to the west of Naga-Chin Hills. The Surma 
Group of rocks comprise alternately of poorly fossiliferous shale, mudstone, 
siltstone and sandstone in different proportions with lateral variation of facies and 
characterized by alternate ridge and valley topography and can be divided into 
Bhubon Formation and Bokabil Formation. The Bhuban Formation in its type area 
in the Bhuban range, western Manipur Hills and other well developed areas of 
Mizoram, Tripura, Cachar (Assam), Chittagong Hills and Arakan, occur mainly in 
the cores of anticlines. From the study of microfossil, Bhuban Formation is assigned 
as Middle Miocene (Ganguly, 1993; Rangarao, 1983). Bokabil Formation is 
extensively exposed in the synclinal flanks and cores of eastern Tripura, Cachar 
(type section, Assam), Chittagong and Arakan areas and along the synclinal cores of 
Mizoram and western Manipur, whereas they occur in anticlinal cores in western 
Tripura (Nandy, 2001). Based on a regional study of dinoflagellates, Mannan (2002) 
assigned Early to Late Miocene age for Surma Group from Surma basin. On the 
basis of fauna and stratigraphic position, Bokabil has been referred to as Early 
Miocene (Rangarao, 1983); study of forminefera and palyno-fossils from Bokabil 
also strongly suggest Miocene to Late Pliocene (Ganguly, 1983). 
The study area, in the western part of Manipur consists of well exposed 
outcrop of the Barail Group and the Surma Group with younger Tipam Formation. 
The Barail Group consist dominantly of massive to thickly bedded sandstone 
(Fig. 4) with siltstone and minor dark grey to khaki green thinly bedded shale. 
Carbonaceous shale, thin coal streaks, twigs and plant impressions are common in 
the Barail Group. The contact between the Barail and the Surma is unconformable; 
however, it is gradational in the western Manipur around Nungba (Chatterjee and 
Maitra, 1976). The Bhubon Formation, the lower Formation of Surma Group 
(Fig. 5) overlying the unconformity, is exposed largely in the Barak basin and is 
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Fig. 4. Photograph showing outcrop pattern of the Barail sands-
tone near Dailong. 
Fig. 5. Photograph showing outcrop pattern of the Surma sand-
stone at Tamengiong. 
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characterized mainly by cross laminated, grey micaceous sandstone, sandy shale, 
siltstone, sandy siltstone, silty shale, shale, conglomerate (Fig. 6) and thin coal 
streaks (Fig. 7) at places. Ripple marks have been observed in sandstone belonging 
to Surma Group at Tamenglong (Fig. 8) and at many other places. The Bokabil 
Formation above the Bhubon Formation consists of mudstone, shale, silty shale, 
sandy shale with massive and coarse-grained sandstone. The Tipam Formation 
consists of massive to thick-bedded sandstone with shale. 
Chin Hills and Arakan-Yoma fold belts 
In the Chin Hill, schistose and turbitic Mid-Triassic metasediments occur 
along the eastern margin of IMR being imbricated with ophiolitic rocks (Anon, 
1978; Mitchell, 1981) and overriding the olistromal trench sediments. The Chin 
Hills lie between the Naga-Patkai Hills on the north and the Arakan-Yoma segment 
on the south. The Chin Hills, having more or less similar tectonic setting with Naga 
Hills, is principally composed of flysch sediments with more igneous and 
metamorphic rock. On the southern part of the segment, in Kanpetlet area, a group 
of schistose rocks do occur which is known as Kanpetlet schists. It overthrust the 
lower Tertiary unmetamorphosed shales and sandstones with conglomeratic layers. 
It is usually thought to be equivalent to the Naga Metamorphics and forms the Pre-
Mesozoic basement complex, brought up and emplaced tectonically onto the 
sediments of the Indo-Myanmar ranges (Brunnschweiler, 1966). 
The Arakan-Yoma segment lies on the southern side of the Chin Hills 
comprising relatively low hills and coastal areas of Myanmar. In the Arakan Yoma 
sector the flysch sediments consisting of alternating beds of greywacke, sandstone, 
siltstone, claystone and shale form the major part of the Arakan Yoma range. The 
tectonic setting of this segment of the IMR is also more or less the same with Naga 
and Chin Hills although, the general strike of the tectonic lineaments is NNW-SSE. 
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Fig. 6. Photograph of conglomerate belonging to Surma Group 
near Atengba. 
Fig. 7. Photograph of the Surma sandstone showing coal streak 
atSibilong. 
22 
Fig. 8. Photograph of the Surma sandstone showing 
the ripple marks near Tamenglong. 
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OROGENY AND SEDIMENTATION 
The closing of the sutures and collision of the Indian plate with Tibetan and 
Central Myanmar plate occurred during Middle Eocene. This marks the initiation of 
the Himalayan Orogeny, which led to sagging of the southern part of the Shillong-
Mikir Hills. The hidden basement ridge in Upper Assam developed into Arakan-
Assam basin for the deposition of the Tertiary succession of Assam. Within the 
vicinity of Assam, the sediment deposited in this collision zone in part of Nagaland 
and Manipur constituted the Disang of the Nagaland and Manipur. 
The movement related to the second phase of the Himalayan Orogeny which 
was initiated in Early Oligocene resulted in the deposition of the continental facies 
of the Barail Group, which terminated with uplift in the Late Oligocene. After a 
short break, sedimentation was resumed with a marine transgression during Lower 
Miocene and the Surma Group was deposited over the eroded surface of the Barail 
Group (Gopendra Kumar, 1997). 
In the Naga Hills, the Barail Group, which is much thicker (2,665m thick) and 
consisting of the deltaic and prodeltaic deposits (Rangarao, 1983), occupied a 
position in the more rapidly subsiding, proximal part of a foreland basin. Johnson 
and Alam (1991) also suggested that the Barail Group of Oligocene age are fluvial 
but probably passed abruptly (to the southeast of Sylhet trough) into delta and 
prodelta deposits in a rapidly subsiding trough on the west flank of the Indo-
Myanmar ranges. In the western part of the Barak basin in the Sylhet trough (Surma 
basin) subsidence rates accelerated during the Miocene when the Surma Group was 
deposited during a prolong transgression that extended northward over at least part 
of the Shillong Plateau (Banerji, 1984; Salt et al., 1986). This greater rate of 
subsidence probably reflects increased proximity to and loading from the 
encroaching Indo-Myanmar ranges. Sedimentary facies data in the Sylhet trough 
indicate that Surma Group delta system was large and laterally extensive, suggesting 
that the rapidly subsiding trough on the western flank of the Indo-Myanmar ranges. 
The Pliocene and Pleistocene history of the Sylhet trough is characterized by much 
higher subsidence rate than those recorded for Miocene deposition of the Surma 
Group. In the frontier zone of Indo-Myanmar ranges, deformation had advanced into 
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the eastern Sylhet trough (to the east is Barak basin) and the Tipam sandstone was 
deposited during Early PHocene (Johnson and Nur Alam, 1991). However, Imam 
and Shaw (1985) suggested that during Miocene time, sedimentation of the Surma 
Group was in fluvial, deltaic and open-shelf environment in the shallow areas and in 
submarine fans in deeper parts of the basin (Alam, 1989), followed by mainly 





Sandstone is arguably the best known sedimentary rock type. The study of 
sandstone composition is treated in several different ways concerning both analytical 
techniques and lines of interpretation. Interpretating the composition of sandstone in 
terms of their different lithological units (Fuchtbour, 1964), their derivation from 
different sources on both global (Potter 1978; Dickinson and Suczek, 1979) and 
regional scale (van de Kamp and Leake, 1995) as well as contrasting climate 
(Suttner et al., 1981) and diagenetic (Milliken, 1988) conditions indicates that 
sandstone composition is a function of a number of factors. 
The composition of sandstone can be ascertained in two fundamental ways: 
petrographically (mineralogical and textural) or chemically (von Eynatten et al., 
2003). The composition of sandstone is generally obtained by analyzing their 
framework components using point-count technique on thin sections. Point-count 
methods on thin sections allow us to differentiate between primary detrital grains 
and secondary diagenetic phase such as authigenic phases. Evolution of plate 
tectonic theory and detail petrographic studies of sandstones from sedimentary 
sequences have led to the development of number of detrital modal descriminant 
diagrams aimed at determination of tectonic setting of sedimentary basin. Relating 
the composition of modem sands to the geological evolution of wide and complex 
source area allow recognisation of petrographic and mineralogical signatures of 
constrasting geodynamic setting and sheds lights on sediments production and 
transport pathways and help in making prediction on detrital mode trends in space 
and time. Sediment composition can be considered to directly reflect plate tectonic 
and geologic inheritance of predeposition weathering and post-depositional 
dissolution conditions and primary provenance (Garzanti et al., 2003). 
The provenance information can be well constrained if the detritus contain 
lithic fragments. The chemical data may be more easily gained, but its interpretation 
is eased if petrographic data are available. Therefore, petrographic study is an 
important tool to decipher the provenance and environment of deposition of 
sediment. Moreover, such study also helps to infer the degree and type of tectonism 
which controls the association of different rock types in the source area, lithology 
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and relief, rate of subsidence of depositional basin. This type of study helps in the 
reconstruction of sedimentary depositional environment and tectonic condition. For 
such study, it is necessary to study the variations and modal percentage of quartz, 
feldspar, heavy minerals and lithic fragments and their compositional and textural 
maturity. Such study allows us to differentiate individual grains even if, they are 
chemically similar. Hence, petrography still has strong advantage compared to 
chemical methods. Thus, petrography is capable of solving petrology and 
provenance analysis that cannot be solved by other methods. 
In this chapter, the mineral composition of the Barail and the Surma 
sandstones of the Barak basin have been studied to throw light on the source rocks, 
source area, paleoclimate and depositional environment of these sandstones and 
tectonic setting of the basin. 
METHODS AND SAMPLING 
Rock samples consisting of conglomerate, sandstone, siltstone and shale 
were collected from both Barail Group and the Surma Group from different parts of 
Bark basin in and around Tamenglong, Manipur state. Fresh samples were collected 
from outcrops exposed in stream cuts, road cuts and small quarries. Sample 
locations are shown in the Fig. 2. Petrographic studies have been carried out under 
thin sections. Modal analysis was carried following Gazzi-Dickinson (Dickinson, 
1970; Ingersoll et al., 1984) point-counting methods. In general about 500 points 
were counted for each thin section. However, more than 500 points were counted for 
thin sections containing diverse lithic fragments. Fine sandstones with clay matrix 
and ferrugenous cement were not included for modal analysis. All the framework 
grains e.g. quartz, feldspar and lithic fragments, regardless of the degree of alteration 
or replacement were counted as the original grain type if they were identified on the 
basis of remnant boundary and texture. The recalculated values were plotted for 
sandstone classification after Folk (1980) and on other ternary diagrams of 
Dickinson and Suczek (1979), Dickinson et al. (1983), Dickinson (1985) and 
Ingersoll and Suczek (1979) for provenance analysis. The modal analysis data, 
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Qm = Monocrystalline quartz; Qp = Polycrystalline quartz; Qt = Total quartz grain; F= Total Feldspar; 
M = Total mica; Ls = Sedimentary lithic fragments; Lm = Metamorphic lithic fragments; Lv = Volcanic 
fragments lithic; L = Total lithic fragments. 
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Table 3. Recalculated sandstone modal parameters used in this study 
(after Folk, 1980; Dickinson and Suczek, 1979; Ingersoll and Suczek,1979, 
Suttner and Dutta, 1986) 
QFR 
Q = Total quartz grains (Qm+Qp) where: 
Qm = Monocrystalline quartz 
Qp = Polycrystalline quartz 
F = Total feldspar (P+K) where: 
P = Plagioclase 
K = K-feldspar 
R = Total rock fragments including chert 
QtFL 
Qt = Total quartz grains (Qm+Qp) where: 
Qm = Monocrystalline quartz 
Qp = Polycrystalline quartz grain, including chert 
F = Total feldspar 
L = Total lithic fragments 
QmFLt 
Qm = Monocrystalline quartz 
F = Total feldspar 
Lt = Total lithic fragments + polycrystalline quartz (Qp) 
QpLvLs 
Qp = Polycrystalline quartz 
Lv = Total volcanic and metavolcanic lithic fragments 
Ls = Total sedimentary and metasedimentary lithic fragments 
QpLvmLsm 
Qp = Polycrystalline quartz 
Lvm = Total volcanic and metavolcanic lithic fragments 
Lsm = Total sedimentary and metasedimentary lithic fragments 
LmLvLs 
Lm = Total metamorphic lithic fragments 
Lv = Total volcanic lithic fragments 
Ls = Total sedimentary lithic fragments 
Qp/(F+R) and Qt/(F+R) 
Qt = Total quartz (Qm+Qp) where 
Qm = Monocrystalline quartz 
Qp = Polycrystalline quartz 
F = Total feldspar 
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Petrographic Analysis 
Barail Sandstones 
The Barail sandstones are characterized by the abundance of dominant 
monocystalHne quartz and Hthic fragments relative to feldspar. Among the quartz 
grains, monocrystailine quartz shows generally straight extinction with less quartz 
grain showing undulatory extinction. The rounded monocystalHne quartz has 
overgrowth (Fig. 9). Although, the monocrystailine quartz is more prevalent, 
polycrystalline quartz grains are more conspicuous in more quartzose sandstones. 
Polycystalline quartz grains mostly consist of more than three crystals per grain and 
exhibit suture crystal boundaries with few elongate contacts. Strain lamellae 
typically occurring in monocrystailine quartz is observed in some samples. Most of 
the sandstone samples contain minor amounts of feldspar grains. Both K-feldspar 
and plagioclase ai-e present, but plagioclase (Fig. 10) dominantes in most of the 
samples. Very few plagioclase grians of sub-angular large size are present. K-
feldspar generally includes microcline and microperthite (Fig. 11). Both biotite and 
muscovite, with very few large biotite grains in some samples are present. Lithic 
fragments are predominantly sedimentary and metamorphic. Sedimentary lithics, 
generally shale, chert fragment (Fig. 12) and quartz-rich siltstone are present and 
common. Slate, phyllite, quartzite (Fig. 13), quartz-mica lithic fragments are the 
metamorphic lithics. Very few volcanic igneous rock fragments are present in some 
samples. Ferrugenous and siliceous cement occur in many sandstone samples. Iron 
staining is prominent at grain margins. The framework grains show concavo-convex 
contact and bending of mica and lithic fragments (Fig. 14) in some sample 
indicating compaction of the sandstone. Matrix, which was formed by alteration of 
mafic minerals, lithic fragments and feldspar, is also present. 
Surma Sandstones 
The Surma sandstones consist of monocrystailine quartz, polycrystalline 
quartz, lithic fragments, plagioclase and K-feldspar. Monocrystailine quartz is the 
most abundant framework grain in the sandstones. Undulosity of quartz grains is not 
observed clearly as the grains are fine, but a few exceptions with strong undulosity 
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Fig. 9. Photomicrograph of the Barail sandstone showing 
the quartz overgrowth with clay entering it, siltstone lithic 
fragment (Sit) and quartzite lithic fragment (Qzt). 
Fig. 10. Photomicrograph of the Barail sandstone showing 
the altered albitic plagioclase (P), biotite grain (Bio) and siltstone 
(Sit). 
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Fig. 11. Photomicrograph of the Barail sandstone showing 
K-feldspar (K) and quartz overgwowth. 
Fig. 12. Photomicrograph of the Barail sandstone showing 
chert fragment (Ch), quartz-mica lithic fragment (Qt-IVI), 
siltstone fragment (Sit) and shale lithic fragment (Sh). 
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Fig. 13. Photomicrograph of the Barail sandstone showing 
rounded quartzite lithic fragment (Qzt). 
*4 
100-rolcfen I 
Fig. 14. Photomicrograph of the Barai sandstone showing 
bending of mica (IVIuscovite, IVIus) and bending of lithic 
fragments (quartz-mica lithic-fragment, Qt-IVI) and shale 
fragment (Sh). 
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were observed. Polycrystalline quartz consists of more than three sub-grains per 
grain and exhibit suture and straight sub-grains boundaries (Fig. 15). Plagioclase 
with albitic twinning is dominant over microcline (Fig. 16). Lithic components are 
dominantly sedimentary fragments and metamorphic lithic fragments. Shale 
(Fig. 17), siltstone and very fine sandstone are the dominant sedimentary lithic 
fragments. The metamorphic lithic fragments are phyllite, quartzite, quartz-mica 
lithic fragments (Fig. 18) and schist fragments (Fig. 19). Both biotite and muscovite 
are present and muscovite is more common and present in all samples. Calcite 
cement occurs mostly as patchy while in a few samples it occurs as poikilotopic 
cement (Fig. 20). Argillaceous matrix as well as silt size matrix contains fine quartz 
grains and mica. The low matrix in calcite cemented sandstone is due to totally or 
partially replacement by calcareous cement. 
The clasts in the conglomerate are mainly elongate to sub-equant and 
sub-rounded to rounded and mainly composed of quartzite, sandstone and shale 
(Fig. 21) with sandy matrix support. Myrmekite plagioclase is present within the 
matrix (Fig. 22). 
Lack of feldspar 
Feldspars are relatively less in the observed samples which can be explained 
mainly in two ways. The first is the consideration from feldspar-poor source rocks or 
feldspar may be removed during transport. The second concerns diagenetic removal 
of feldspar. 
Under normal weathering conditions, lithic fragments are more easily 
destroyed by chemical weathering than are the feldspars (Young et al, 1975; Suttner 
et al., 1981). The abundance of lithic fragments and deficiency in feldspar in these 
sandstones therefore, cannot be explained by intense chemical weathering in the 
source area. Significant abrasion of sands and consequent destructiuon of feldspar 
during transport could be responsible for the less presence of feldspar. Flowever, this 
is less likely due to ubiquitous presence of sedimentary and metasedimentary lithic 
fragments, which are relatively less durable (Abott and Peterson, 1978). The 
presence of labile lithic grains in quantity indicates short transport (Folk, 1980). 
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Fig.15. Photomicrograph of the Surma sandstone showing 
poiycrystaliine quartz with elongate contact (Qp) and quartz 
-mica lithic fragment (Qt-IVI). 
Fig. 16. Photomicrograph of the Surma sandstone showing 
the K-feldspar (K) and phyllite lithic fragment (Ph). 
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Fig. 17. Photomicrograph of the Surma sandstone showing 
the sub-angular monocrystalline quartz (Qm), polycyrtalline 
quartz (Qp), shale lithic fragment (Sh) and fine-sandstones 
lithlc fragment (Sst). 
Fig. 18. Photomocrograph of the Surma sandstone showing 
the plagioclse (P), polycrystalline quartz with elongate 
contact (Qp) and quartz-mica lithic fragment (Qt-M). 
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Fig. 19 . Photomigraph of the Surma sandstone showing the 
schist fragment (Sch) with schistosity. 
Fig. 20. Photomicrograph of the Surma sandstone showing 
albitic plagioclase (P) and calcite cement (C). 
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Fig. 21. Photomicrograph showing shale clast within the 
conglomerate of the Surma Group. 
Fig. 22. Photomicrograph showing the myrmekite plagioclase 
(Pm) within the sandy matrix of conglomerate of the Surma 
Group of rock. 
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No visible secondary pores which results from leaching of detrital feldspar 
during diagenesis have been observed in these sandstones. Although some long and 
concavo-convex grain contacts are observed in these sandstones, they might be due 
to ductile grain deformation of lithic grain or by compaction of quartz grains. 
Replacement of feldspar by clay minerals (Morad and Aldaham, 1987) and calcite is 
another process which may alter sandstone compositions. When subsurface clay 
mineral replacement of feldspar is complete, the resulting psuedomorph may look 
similar to fine- grained rock fragments. However, detrital lithic grain show preferred 
texture within the grain (Fig. 19), suggesting a lithic grain origin. Calcite 
replacement of grains is rarely observed except only in some sample. 
The presence of some deformed lithic fragments and psuedomatrix in some 
studied sandstones indicates that they underwent source grain deformation. Reduced 
porosity coupled with possible reduced permeability due to grain deformation may 
retard extensive diagenesis especially the alteration of feldspars such as leaching and 
replacement by other minerals. If feldspar were present in the original sandstone 
composition, their chances of preservation may be relatively higher in lithic 
sandstones. This is not the case in these sandstones, suggesting that the diagenetic 
control for less feldspars in these sandstones is less probable. 
Petrologic Classification and Interpretation 
According to Folk's classification (1980), the Barail sandstones are 
sublitharenite and litharenite, although two sampes plot in quartzarenite field 
(Fig. 23). The Barail sandstones contain more chert and other polycrystalline quartz. 
The Surma sandstones are sublitharenite and litharenite (Fig. 23). Recalculated 
values of quartz (Qt), feldspar (F) and lithic fragments (L) have been plotted in the 
QtFL diagram (Fig. 24) (Dickinson and Suczek, 1979; Dickinson et al., 1983) to 
find out the tectonic setting of the source rocks and provenance. According to 
Dickinson et al. (1983) plate tectonics control the relationship between provenance 
and basin and have employed the dispersion of sandstones having different 
compositions to determine the tectonic setting. Therefore, sandstone composition is 
directly related to sedimentary processes and provenance attributes. 
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Quartzarenite 
A Barail Sandstone 
^ • Surma Sandstone 
Sublitharenite 
Fig. 23. Folk's classification (1980) of sandstone based on 
QFR ternary diagram (Q = total quartz; F = total feldspar; 










Fig. 24. Provenance field ternary diagrams of QtFL (after 
Dicltinson, 1985; Dickinson and Suczek,1979; Dickinson 
et a!., 1983). Parameters Qt, F and L are explained in Table 3. 
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On QtFL diagram, both the Barail and the Surma sandstones plot in the 
"Recycled Orogen" field (Fig. 24). The Barail sandstones fall on the "Quartzose 
Recycled Orogen" field with two samples in the "Craton Interior" field, whereas the 
SuiTTia sandstones plot in the "Quartzose Recycled Orogen" and "Transition 
Recycled Orogen" fields on QmFLt diagram (Fig. 25) (Dickinson and Suczek, 1979; 
Dickinson et al., 1983), which clearly indicates that these sandstones were derived 
fi-om quartzolithic sands, low in feldspar and volcanic fragments. Recycled orogens 
are zones of plate convergence, where collision of major plates creates uplifted 
source areas along the collision suture belt (Boggs, 1995). QpLvLs diagram 
(Fig. 26) (Dickinson and Suczek, 1979; Dickinson et al., 1983) indicates that both 
the Barail and the Surma sandstones were derived from collision suture and fold-
thrust belt. 
Two ternary diagrams useful for identifying sands derived from 
continental suture belts are QpLmvLms (Fig. 27) and LmLvLs (Fig. 28) (Ingersoll 
and Suczek, 1979); arc-continent collision may be distinguished from continent-
continent suture based on these diagrams (Hiscott, 1978; Mack, 1982). The Barail 
sandstone samples on these diagrams are scattered, although most of the samples 
plot in the suture belt, whereas the Surma sandstones plot in the suture belt field 
only on QpLmvLms diagram. On the LmLvLs diagram, both the Barail and the 
Surma sandstones fall on suture belt field. This suggests that the Barail sandstones 
received sediments from multiple sources, however, dominant contribution was from 
suture belt, while the Surma sandstones were derived from the uplifted mountain 
after collision. 
The bivariate plot of Qt/F+R vs. Qp/ F+R (Suttner and Dutta, 1986) for 
the Barail sandstones indicate prevalence of humid and semi- humid climatic 
conditions during the deposition of the Barail (Fig. 29). The samples of Surma 
sandstones plot in semi-humid field with two samples in humid field indicating 
semi-humid condition during deposition of Surma sandstones. 
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A Barail Sandstone 
• Surma Sandstone 
Lt 
Fig. 25. Provenance field ternary diagrams of QmFLt (after Dickinson, 
1985; Dickinson and Suczek, 1979; Dickinson eta!., 1983).Qm, F and 







Fig. 26. Provenance field ternary diagrams of QpLvLs 
(after Dickinson, 1985; Dickinson and Suczek, 1979). 
Qp, Lv and Ls are explained in Table 3. 
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^ Barail Sandstone 
• Surma Sandstone 
1 Rifted continental 
IVIargins 









Fig. 27. QpLvmLsm diagram for the Barail and the 
Surma sandstones (after Dickinson and Suczek, 1979; Ingersoll 




A Barail Sandstone 
• Surma Sandstone 
Fig. 28. LmLvLs diagram for the Barail and the Surma 
sandstones (after Dickinson and Suczek, 1979; 
Ingersoll and Suczek, 1979). Lm,Lv and Ls are explain-
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Qt/F+R 
100 
Fig. 29. Bivariant plot of Qt/F+R and Qp/F+R ratio (Suttner 
and Dutta,1986) of the Barail and the Surma sandstones. 
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The petrographic studies of the sandstones based on the framework 
composition, suggest a possible source area for the Barail and the Surma Groups of 
Barak basin. The sub-rounded quartz with distinct overgrowths in the Barail 
sandstone suggests reworking of sedimentary rock (Fig. 9). Lithic clast content in 
the sandstone helps to provide crucial information on provenance. Polycrystalline 
quartz with multiple grains (>three subgrains) with elongate (Fig. 12) and suturing 
contact suggest the metamorphic source. Presence of shale and chert (Fig. 12) 
fragments suggests derivation from sedimentary source rock. Quartzite (Fig. 13) and 
phyllite rock fragments indicate metamorphic rocks in the source area. However, 
presence of very few granite and gneiss fragments, polycrystalline quartz of less 
than three grains with large feldspar and biotite grains suggest minor contribution of 
the plutonic rocks in the source area. Volcanic lithic fragments, not in common and 
in negligible amount in some samples suggest that the volcanic rocks were exposed 
in the source area. The Barail sandstones were derived from multiple source rocks, 
dominant contribution being from sedimentary and metasedimentary rocks. 
Modal analysis of the Surma sandstones reveals abundance of lithic 
fragments and slightly increasing feldspar content indicating shifting of provenance 
to orogenic belt during Miocene. Sub-angular and sub-elongate to elongate 
monocrystalline quartz with significant abundance of labile lithic fragments such as 
shale, siltstone, phyllite, quartz-mica schist suggests rapid erosion and less transport. 
Most monocrystalline quartz grains with undulose extinction and fine grained 
plagioclases showing albitic twinning (Fig. 19, 20) suggest low-grade metamorphic 
sources. Presence of dominant shale (Fig. 17), siltstone, very fine sandstone (Fig. 
17) and chert fragments suggest sedimentary rocks in the source area. Presence of 
phyllite (Fig. 16), slate, quartz-mica lithic fragments (Fig. 15), fine metaquartzite 
and quartz-mica schist rock fragments (Fig. 18) indicates the metasedimentary or 
low grade metamorphic rocks in the source area. The presence of polycrystalline 
quartz with elongate contact (Fig. 15) and suture contact, and diverse mica tectonites 
suggests their derivation from metamorphic rocks. Myrmekite plagioclase (Fig. 22) 
indicates the igneous source rock. Overall framework constituents and texture of 
sandstones collectively suggest their derivation from a complex assemblage of 
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source rock, however, dominantly of sedimentary and metasedimentary rocks with 
minor contribution from igneous rocks and locally exposed volcanic rocks. 
The Barail sandstones fall in the "Craton Interior" and "Quartzose Recycled 
Orogen" fields on the QtFL diagram (Fig. 24) indicating the sediment supply from 
the orogenic belts with minor contribution from craton. The dominance of 
monocrystalline quartz, subangular to subrounded with some rounded and subequant 
quartz grains with potassium feldspar suggest continental source rather than 
orogenic source. However, subangular feldspar with very few volcanic lithic 
fragments and increase in the sedimentary and metasedimentary lithic fragments 
indicate initial derivation of sediments from orogenic source. The Surma sandstones 
plot in the "Quartzose Recycled Orogen" and "Transitional Recycled Orogen" and 
suggest that sediments were derived from collision suture and fold-thrust belt. Sands 
derived from fold-thrust systems of indurated sedimentary and low-grade 
rnetamorphic rocks have consistently low contents of feldspar and volcanic rock 
fragments (Dickinson and Suczek, 1979). From this study, it is suggested that the 
sediments of the Barail and the Surma sandstones were dominantly derived from the 
rising orogenic belts, the Himalayas and the Indo-Myanmar ranges. At ca 20 Ma, 
medium to high grade metamorphic rocks of the Indian crust were carried southward 
along the Main Central Thrust (MCT) (Hubbard et al., 1991). However, Hodges et 
cil. (1994) suggest 30 Ma for the activation of MCT, which brought the deep crustal 
rocks of Higher Himalayan Crystallines over the Lesser Himalayan formations. At 
about ca 11 Ma the Lesser Himalayan sedimentary and metasedimentary rocks 
began to be actively carried southward along the Main Boundary Thrust (Mascle et 
al., 1986). These two major tectonic features which extend to Arunachal that lies to 
the north of the study area. From the above lines of evidence, it is suggested that the 
Barail sandstones began to receive sediments from the rising Himalayas during Late 
Oligocene- Early Miocene (Devi and Mondal, 2008). However, the rising Indo-
Myanmar orogenic belt in the east and northest cannot be ignored. The Arakan-Chin 
Geanticline (island arc) developed during Late Cretaceous with folding and low-
grade metamorphism of lower Disang sediment followed by plutonic and volcanic 
activities also possibly contributed sediments for Barail sandstone (Bhattercharjee, 
1991). 
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Petrographic studies also suggest that the Barail sandstones contain both 
cratonic and orogenic sediments. The Barail sandstones might possibly received 
sediments from the Indian Craton, which was also a potential source terrane at 
Oligocene (Uddin and Lundberg, 2004). The EJarail, consist mainly of thick 
arenaceous sediment, indicates increase supply of sediment and the shallowing of 
basin with the lateral migration of the uplift Indo-Myanmar orogeny due to 
continuing collision of the India and Myanmar plates and from the north by a recent 
(middle Eocene) uplift of the Himalayas (Bhattarcharjee, 1991). However, Uddin 
and Lundberg (1998 a) explain that during Eocene-Oligocene, the Himalayan source 
seems unlikely for the Barail sandstones of Bengal basin, in light of great distance to 
the Himalaya at that time compared with the proximity of the Indian craton, which is 
also a potential source terrane. However, orogenic deposit might have been 
accumulated in the basin preserved in Assam, which was more proximally to orogen 
during Oligocene (Uddin and Lundberg, 1998 b). Barail sandstones were deposited 
during Oligocene in the Barak basin which is more nearer to orogenic belts. Mineral 
composition and texture of Barail sandstones indicate that sandstones were derived 
from multiple sources, that is, the rising orogenic belts, Indo-Myanmar ranges and 
the Himalayas with minor contribution from the craton, most probably the Indian 
craton on the west. 
Abundance of sedimentary and metasedimentary lithic fragments of the 
Surma sandstones deposited during Miocene were derived from orogenic belts, most 
probably, dominantly from the huge exposed sedimentary and metasedimentary 
rocks of the Lesser Himalaya. The faster uplift of Himalaya, during Late Miocene, 
accelerated its erosion and large volumes of detritus were transported to the Siwalik 
basin and material spill over to the Indian Ocean and into the Bay of Bengal and 
through the Indus delta to Arabian Sea (Naqvi, 2005). During Late Miocene the 
Indo-Myanmar ranges were obducted onto the Indian continental margin (Ni et al., 
1989) and might have started to shed sediments for the Surma sandstones. However, 
there is no strong evidence that huge sediments were contributed to Barak basin 
from arc-continent collision orogenic belt, the Indo-Myanmar ranges (Devi and 
Mondal, 2008). 
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The provenance assessment of sediments includes all aspect of the source 
area, including source rocks, climate and relief (Pettijohn et al., 1972). The 
compositional maturity of the sandstones derived from ratios of polycrystalline 
quartz and total quartz to feldspar plus rock fragments is sensitive indicator of the 
climatic inheritance of sandstones (Suttner and Dut1:a, 1986). The plot of Qp/F+R vs 
Qt/F+R (Fig. 29) indicates that the climatic condition prevailing during the 
deposition of the Barail and the Surma sandstones was humid and semi-humid. The 
lithic fragments present are variable in these sandstones. In areas of intense 
tectonic/magmatic activity source-rock types determine sediment composition more 
than do climate and relief (Dickinson, 1970). 
The petrographic study of clastic sediments is an important tool for the 
analysis of provenance and tectono-sedimentary processes that control the 
deposition and nature of tectonic events which control the evolution of the 
sedimentary basin associated with mountain chain. From this petrographic study it is 
concluded that the Barail sandstones were derived from the rising orogenic belts, the 
Himalayas and the Indo-Myanmar ranges with minor contribution from Indian 
craton, whereas the Surma sandstones were derived from the Himalayas and the 
Indo-Myarmiar ranges. Thus, petrographic study of clastic sediment suggests the 
provenance, environment of deposition of the Barail and the Surma sandstones and 
the degree of tectonism in the source area. Amongst many factors, tectonic activity 
and the source rock has been the dominant factor controlling the nature and 





Geochemical composition of sandstone depends on the dominant 
mineralogy, and hence also varies systematically with provenance, source-area 
weathering and tectonic setting (Johnsson and liasu, 1993; Roser, 2002). The 
assessment of provenance and tectonic setting of sedimentary rock is mainly based 
on petrographic and framework analysis (Dickinson and Suczek, 1979; Dickinson 
£md Valloni, 1980). The evaluation of the provenance can be well constrained if the 
detritus contain lithic fragments. However, as petrographic method is not applicable 
to argillite-mudrock members of sedimentary rocks, geochemical approach are 
widely used for determination of provenance and tectonic setting of fine-grained 
sedimentary rocks (Blatt, 1985). Whole-rock geochemical data of sandstones and 
shales can be used to detect variations in trace elements that are not picked up in 
modal analysis. In this study, chemical data coupled with petrographic data are 
employed to evaluate the Barail and the Surma rocks of the Barak basin. 
SAMPLING AND ANALYTICAL METHODS 
Prior to geochemical analysis, detailed petrographic studies were carried out 
under thin sections to determine the suitability of samples for the geochemical study. 
After careful thin section examination under microscope, altogether twenty 
representative samples have been selected for geochemical analysis. Out of twenty 
samples, four samples each of the sandstone and shale belong to Barail Group and 
six samples each of sandstone and shale belong to Surma Group. Samples with 
significant diagenetic alteration, especially with more than 15% secondary carbonate 
cement, were not taken for geochemical analysis. 
Rock samples were reduced to smaller sizes (~ 2 mm) rock chips using agate 
mortar. The chips were further powdered to -200 mesh size. Whole rock major 
elements were analysed using fused pellets glued with polyvinyl alchohol on 
SIEMENS SRS 3000 sequential X-ray Spectrometer at Wadia Institute of 
Himalayan Geology, Dehra Dun. Analytical accuracy of the major oxide data is 
<5% and average precision is always better than 1.5%. The trace elements and REE 
are determined by Inductively Coupled Plasma Mass Spectrometry, (ICP-MS, 
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Perkin Elmer Sciex ELAM DRA II) at National Geophysical Research Institute, 
Hyderabad using electronic grade HF, analytical reagents (AR) grade HCIO4 and 
distilled HNO3 with HCl in the preparation of samples and standard for this analysis 
following the procedure described by Balaram et al. (1996). The precisions achieved 
were <5% RSD with comparable levels of accuracy. International standards of GSR-
4 and GSR-5 were used for calibration and testing of accuracy. Whole rock major 
and trace element data of of the sandstones and shales are presented jn^Amendix-1 
Geochemical Characterization 
"mkm Major Elements \\ \ ; 
Summary of the major element concentrations and their ratios are presented 
in Table 5. Major elements have been mainly used to classify the rock, to construct 
variation and discriminant diagrams for paleoweathering, paleoclimate and source 
rock composition. The data have been used for comparison with experimentally 
determined rock compositions, whose conditions of formation are known. 
Chemical composition of clastic rocks is related to grain size with AI2O3 
increasing towards finer sediments (clay) and Si02 towards sands. The other major 
elements except NaiO and P2O5, behave like AI2O3. In the Barail sandstones and 
shales Si02 contents range from 75.85 to 84.29% and from 63 to 76.19% 
respectively and AI2O3 content varies from 6.92 to 11.46% for the Barail sandstones 
and from 11.24 to 16.67% for the Barail shales. The Surma sandstones contian Si02 
ranging from 62.8 to 84.48% and for the shales ranges from 66.04 to 70.4%). AI2O3 
content for the Surma sandstones and shale ranges from 7.86 to 11.35%o and from 
13.78 to 16.45% respectively. Thus, in terms of major element compositions, the 
Barail and the Surma sandstones and shales are on the whole characterized by 
intermediate Si02 contents (Al203/Si02 = 0.08 - 0.15 for Barail sandstones and 
Al203/Si02 = 0.14-0.26 for Barail shale; Al203/Si02 = 0.09-0.15 for Surma 
sandstones and Al203/Si02 = 0.19-0.26), intermediate K20/Na20 ratios (0.95-4.6 
and 0.89-2.27 for the Barail sandstones and shales respectively; 0.92-3.16 and 1.48-
2.25 for the Surma sandstones and shales respectively) and high Fe203 (t) + MgO 
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and 6.13-8.76 for the Surma sandstones and shales respectively). All samples, except 
one TP-1, have usually low contents of CaO (typically < 1 wt %) and high ratios of 
AI2O3/ (Na20+CaO) (typically > 4), indicating either a dearth of original carbonate 
minerals or depletion of CaO and Na20 during diagenetic processes. 
The data show that the Barail sandstones have variable degrees of negative 
correlations (Fig. 30) for Si02 vs Ti02 (-0.66), AI2O3 (-0.97), MgO (-0.71), K2O (-
0.77), CaO (-0.13), Na20 (-0.40), MnO (-0.33) and Fe203 (t)(-0.66), and the Barail 
shales have negative correlation of Si02 vs Ti02 (-0.86), AI2O3 (-0.95), MgO (-0.75), 
K2O (-0.17), CaO (-0.66), NajO (-0.56), MnO (-0.0.92) and Fe203 (t) (-0.96). The 
Surma sandstones show negative correlations for Si02 vs Ti02 (-0.95), AI2O3 (-
0.99), MgO (-0.77), K2O (-0.86), CaO (-0.73), NajO (-0.82), MnO (-0.59) and Fe203 
(t) (-0.99), and the shales show variable negative correlation for Si02 vs Ti02 (-
0.49), AI2O3 (-0.94), MgO (-0.58), K2O (-0.78), CaO (-0.90), MnO (-0.29) and 
Fe203 (t) (-0.86), however, Si02 shows positive correlation with Na20 (0.97). This 
variable degree of correlation for Si02 with other major oxides reflects a decrease in 
unstable components (e.g., feldspar and labile rock fragments) with an increase in 
mineralogical maturity. The negative correlations of CaO and MgO vs Si02 indicate 
that both detrital and matrix carbonate in the sedimentary rocks is primary rather 
than secondary, because the influence of secondary carbonate should result in scatter 
on CaO-Si02 and MgO-Si02 plot (Feng and Kerrich, 1990; Gu, 1994). 
Except Na20 content of Surma shale, all the samples correlate positively 
with AI2O3 (Fig. 31), with high correlation coefficient between AI2O3 and K2O, 
indicating clay mineral control on the major element composition that is diluted with 
quartz content. Major oxides when compared with Upper Continental Crust (UCC) 
values (Taylor and McLennan, 1985), indicate striking similarity with all the major 
oxides of UCC (Fig. 32 and Fig. 33), however, CaO and Na20 are depleted which 
reflect moderate to high weathering and recycling of the source rock. 
In the Na20/Al203 vs. K2O/AI2O3 diagram (Fig. 34), where the two potassic 
minerals can be differentiated (K-feldspar: K2O/Al2O3 = 0.53, illite: K2O/AI2O3 = 0.28 
(Deer et al., 1980), the samples cluster near K2O/AI2O3 value of 0.25. This 








• Barail Sandstone 
A Barail Shale 





^OA * ^ ^ 

















O Surma Shale 
• Disang Sandstone 









• f ^ 







— « ^ -
























60 70 80 
SiO,(wt%) 
Fig. 30. Marker major element (%) vatiation diagrams of the Barail and the 
Surma sandstones and shales of the study area. Samples of the Disang 
sandstones (Thong and Rao, 2006) and the Disang-Barail 
Transition sandstones (Srivastava and Pandey, 2004) from Naga Hill 
of the Indo - Myanmar ranges are also shown here for comparison. 
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Fig. 31. Major element variations (wt%) for the Barail and the Surma 
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Fig. 35. AI2O3 vs. K2O diagram showing distribution 
of the samples close to illite line. 
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Potassic feldspars were not of major importance in the original clastic assemblage 
and the main K-bearing mineral phase is detrital illite. In addition, in the AI2O3 vs. 
K2O plot, the samples plot close to illite line, which also support that major K2O-
and AI2O3- minerals in these samples are illite (Fig. 35). K2O/AI2O3 ratios of the 
Barail and the Surma rocks are around 0.2, which is typical of illite, which for K-
feldspar it is around 0.4-0.45 (Cox et al., 1995). This in turn indicates that the 
presence of K-feldspar in the source region of the Barail and the Surma rocks may 
have been altered to illite which forms during weathering of granite rocks (Nesbitt et 
al., 1980). Very less K-feldspar (microcline) in the sandstones samples also reflects 
the minor contribution of K-feldspar from the source rocks from which many of the 
studied sediments were derived. Lack of good correlation between AI2O3 and Na20, 
except for the Surma shale, suggests that mineral phase such as plagioclase does not 
have major control on the AI2O3 content. However, good positive correlation 
between AI2O3 and K2O indicates K-feldspar control on AI2O3. Although almost all 
samples plot close to illite line (Fig. 35), suggesting decomposition of K-feldspar 
iind muscovite during moderate to intense weathering under humid climate, the 
potash mostly remained fixed in the clays. This suggests significant contribution 
from the granite/ granite-gneisses. In general, the total iron content of these rocks is 
high indicating association of phyllosilicates derived from a biotite-rich source 
possibly granite and/ or phyllite-schist rich provenance. The Fe203 (t) + MgO 
contents are well correlated with AI2O3 in shales containing more than 14% AI2O3 
(Fig. 36). This correlation implies that these oxides are associated in phyllosilicates. 
In the Barail sandstones, the Fe203 (t) +MgO values show scattering against AI2O3. 
This suggests that part of the Fe203 (t) and MgO were originally concentrated in 
accessory minerals. In shale with more than 14% AI2O3, Ti02 concentration increase 
with AI2O3, suggesting that Ti02 is probably associated with phyllosilicates (illite) 
(Fig. 16). In sandstones having AI2O3 less than 14%, Ti02 contents are nearly 
constant (0.4 -0.9%), implying that Ti02 may be concentrated in other constituent 
heavy minerals such as biotite, ilmenite and titaniferous magnetite in their source. 
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Fig. 36. Plot of F e A (t) +MgO vs. A I A showing variations 




Though trace elements constitute only a small fraction of a system, they 
provide geochemical and geological information out of proportion to their 
abundance. Variations in the concentrations of many trace elements are much larger 
than variation in concentrations of major components. In any system there are far 
more trace elements than major elements. Each trace element has chemical 
properties that are to some degree unique, hence there is unique geochemical 
information contained in the variation of concentration for each trace element. Thus, 
the trace elements always contain information not available from the variations in 
the concentrations of major elements. The range in behavior of trace elements is 
liirge and collectively they are sensitive to processes to which major elements are 
insensitive. Trace elements, particularly the high field strength elements (HFSE), 
transitional elements and rare earth element (REE) are likely to remain immobile or 
less mobile (Winchester and Ployed, 1977). Summary of the concentration of trace 
elements and their ratios of the studied samples is shown in Table 6. 
Large Ion Lithophile Elements (LILE) 
Concentration of Rb, Sr and Ba of Barail sandstones ranges from 50 to 86 
ppm, 40 to 80 ppm and 215 to 403 ppm respectively and for the shale they range 
from 72 to 133 ppm, 52 to 100 ppm and 228 to 408 ppm respectively, whereas the 
Surma sandstones have Rb, Sr and Ba ranging from 81 to 86 ppm, 35 to 93 ppm and 
35 to 356 ppm respectively and for the shales they range from 108 to 138 ppm, 72 to 
105 ppm and 417 to 525 ppm respectively. Like potassium, Rb gets incorporated 
into clay during chemical weathering in contrast to divalent Ca and Sr, which along 
with Na tend to be leached. CaO, Sr, Rb and Ba concentration of these sandstones 
and shales are depleted relative to Upper Continental Crust (UCC, McLennan, 1985) 
and Post-Archean Australian shales (PAAS, McLennan, 1985), however, Rb 
concentration of the Surma shale are slightly higher than UCC. Positive correlations 
between K-Rb, K-Ba and K-Cs (Fig. 37) suggest that K-bearing clay minerals (illite, 
now muscovite) primarily controlled the abundances of these trace elements (Mc 
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Fig. 37. Plot of K-Ba, K-Sr, K-Rb and K-Cs for 
the Barail and the Surma sandstones and shales 
showing the positive correlations of the samples. 
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vs. MgO content for the Barail and the Surma 
sandstones and shales. 
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Compared with the UCC, majority of the Barail and the Surma sandstones 
and shales are slightly depleted in K2O, Rb, Ba and Sr contents, even though. Surma 
shales have slightly higher Rb (Fig.32 and Fig. 33). The depletion of these elements 
could be due to mobility of these elements during diagenesis. Since the major 
contribution of Sr in clastic rocks is from plagioclase- rich rocks; consequently, the 
lower Sr content implies that the source rocks were plagioclase poor or the chemical 
weathering was an important factor in the source area. 
Transition Elements 
The ferromagnesian trace elements like Cr, Co, Ni and V behave similarly 
during magmatic processes, however, during weathering processes they may be 
mutually fractionated. Trace elements like Cr, Co, Ni, V and Cu are depleted in the 
Barail and the Surma rocks compared to continentally derived PAAS and North 
American Shales Composite (NASC) but Cr and Ni abundances are slightly enriched 
when normalized to UCC. This slight enrichment of Ni and Cr and their good 
correlation with MgO for the Barail shales and the Surma sandstones and shales 
suggest some minor input of mafic materials from the source terrane (Fig. 38). The 
transition elements Cr and Ni are negatively correlated with AI2O3 for the Barail 
sandstones, whereas positively correlated for the Barail shale, the Surma sandstones 
and shales (Fig. 39). Co is negatively correlated with AI2O3 for the Barail 
sandstones, Surma sandstones and shales, however, slightly positively correlated for 
the Barail shale. The most significant correlations between AI2O3 and transition 
elements are those of V and Cu (Fig. 39), even though the Barail sandstones show 
slightly posifive correlation, indicating their associafion in phyllosilicates and 
concentrating during weathering processes. High Cr and Ni abundances clearly 
suggest mafic and / or ultramafic sources, but low Cr/Ni ratio in these sediments are 
not compatible with the sediments derived from ultramafic provenance, as 
ultramafic lithologies in ophiolite sequences can attain Cr/Ni ratio of 10 or higher 
(Jaques et al., 1983). The low Cr/V ratio ranges from 0.65 to 2.36 and Y/Ni rafio 
varies from 0.09 to 1.66 indicate no significant contribufion from ophiolite 
components for the Barail and the Sunna clastic rocks. This is an important 
observation keeping in mind the proximity and feasibility of Naga ophiolites for 
acting as a provenance for these sedimentary rocks. 
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Fig. 39. Plot of AI2O3 vs. Cr, Co, Ni, V and Cu for the 
Barail and the Surma sandstones and shales. 
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High Field Strength Elements (HFSE) 
The elements with small ionic radii and low radius/charge ratio are referred 
to as high field strength elements. Zr, Nb, Y, Ta and Hf are the trace elements which 
have been included in this group. In addition to these trace elements, the minor 
elements Ti and P are also grouped with them. These elements are incompatible 
during most igneous processes; therefore, they trend to be enriched in felsic rocks 
relative to mafic rocks. According to Taylor and McLennan (1985) and Bhatia and 
Crook (1986), Zr, Y, Nb, Hf, Ta and Th are generally resistant to change during 
weathering and alteration processes. Zr is generally slightly enriched in most of 
these sandstones samples compared to associated shales, which indicates its 
tendency to be preferentially concentrated in coarser sediments. There is good 
positive correlation of Zr against Zr/Y for these clastic rocks. The abundance of Th 
and U shows variability in sandstones and shales. The average concentration of Th 
and U is 13.4 and 1.6 respectively in sediments and Th/U ratio ranging from 4 to 17 
and average of 9.02, a value that is slightly higher than that value of Upper 
Continental Crust and PA AS. 
Rare Earth Elements (REE) 
Rare earth elements abundances and their pattems for the Barail and the 
Surma sandstones and shales are characterized by an enrichment of LREE and slight 
to pronounced negative Eu anomalies (Fig. 40 and Fig. 41). With a few exceptions, 
the pattems are uniform and similar to continental crust and typical post-Archean 
shales (Fig. 42) with the LREE / HREE ratio ranging from 6.5 to 8.4 for the Barail 
sandstones and from 10.06 to 23.03 Barail shales and for the Surma sandstones it 
ranges from 7.56 to 9.2 and for the Surma shales from 8.12 to 11.60. Pronounced 
Eu/Eu* observed for a few samples may be due to higher content feldspar (feldspar 
has high Eu/Eu*) relative to ferromagnesian minerals. The LREEs are more 
fractionated, average (La/Sm)N ratio for the Barail sandstones ranging from 2.83 to 
3.46 and for the Barail shales ranging from 3.4 to 3.96 and for the Surma sandstone 
it ranges from 2.83 to 3.62 and for the Sunna shale from 3.51 to 3.87. The HREEs 
are less fractionated with (Gd/Yb)N ratio of the Barail sandstones ranging from 1.82 
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Fig. 40. Chondrite normalised rare earth element patterns for the Barail 
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Fig. 41. Chondrite normalised rare earth element patterns for the Surma 







T 1 1 1 1 1 1 I I 1 1 1 1 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
Fig. 42. Chondrite normalised REE patterns for PAAS, NASC, UCC and 
andesite. Values from Taylor and McLennan (1985) and Sun and Mc-
Donough (1989). 
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ranges from 1.46 to 2.43 and for the Surma shales ranging from 1.62 to 2.84. Total 
REE concentrations of Barail sandstones and shales have strong positive correlation 
with clay mineral constituents like AI2O3 and K2O. LREEs show good correlation 
with K2O which suggest that REE for the Barail clastic rocks are hosted mainly by 
clay minerals. The good positive correlation between REE with AI2O3 and CIA than 
HREE indicates greater mobilization of LREE with increase in weathering for the 
Barail clastic rocks. On the contrary, eventhough, there is positive correlation of 
AI2O3 with LREE and HREE, the negative correlation of AI2O3 with CIA for the 
Surma sandstones does not favor significant mobility of LREE and HREE during 
weathering. The Surma shales show negative correlation between AI2O3 with LREE 
and HREE. REE patterns of most of the sjimples are similar to those of PAAS and 
UCC suggesting that the samples have not been affected by factors that can upset 
relative REE concentrations. 
Control of heavy minerals on REE concentrations has also been assessed. 
Most of the heavy minerals have a distinct REE pattern that differs from the pattern 
for the typical continental crust (Taylor and McLennan, 1985). Therefore, a specific 
heavy mineral that is in greater abundance in the sedimentary rock can be identified 
by an increase in concentration of elements constituting the mineral as well as the 
mineral's influence on the REE pattern of the rock (McLennan et al., 1993), e.g., 
zircon would produce concentrations of Zr and higher Zr/Y ratios in sedimentary 
rocks along with HREE enrichment. Zr content in these samples is variable. 
Although, the Barail sandstones and shales show positive correlation between Zr/Y 
and Zr (Fig. 43), lack of good correlation between Zr and HREE Table 7, suggests 
insignificant amount of zircon is present in the Barail samples. However, the Surma 
sandstones and shales show positive correlations between Zr/Y and Zr (r = 0.99 and 
r = 0.93 respectively) and good positive conrelation between Zr and HREE (Table 7) 
indicates significant amount of zircon in these samples. However, HREE has good 
positive correlation against Ti02, Y, Th and Nb for the Barail sandstones and shales 
but the Surma sandstones and shale have negative correlations suggesting the 
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Fig. 43. Plot of ZrlY vs. Zr for the Barail and the Surma 
sandstones and shales. 
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Table 7. Linear correlation coefficients for selected elements of the Barail and the Surma 
sandstones and shales.(n = 4 for the Barail sandstone; n = 4 for the Barail shale; n = 6 for 























































































































































































































The positive correlation between I^ a, Ce and Th and with LREE in these 
samples could be explained by the occurrence of either allanite or monazite or both 
as accessory phases (Table?). The Gd/Yb ratio can be used to assess monazite 
content in sedimentary rocks. Typical upper crustal rocks have Gd/Yb ratios that fall 
between 1.0 and 2.0 (McLennan, 1989). Monazite has very high REE abundances 
and steep HREE pattern displaying depletion in HREE. Therefore, excess monazite 
should be associated with an increase in the Gd/Yb ratio relative to typical upper 
crustal rocks. This suggests that the heavy mineral monazite may be concentrated in 
some samples. However, lack of very high Gd/Yb values and the similarity of the 
REE patterns and concentrations in comparison with typical continental crust 
indicate that not enough monazite is present to upset the relative abundances of REE 
in the Surma samples and insignificant monazite concentration in the Barail 
samples. The HREEs have slight positive correlation with P2O5 for the Barail 
sandstones, the Surma sandstones and shales, and good correlation for the Barail 
shales. However, negative correlation with LREE and slight positive correlation for 
the Barail shales indicate that apatite does not typically control REE distribution in 
sediments (Condie, 1991). 
Geochemical Classification 
Herron (1988) used a widely employed diagram to classify terrigenous sands 
on the basis of log (Si02/Al203) - log (Fe203/K20). On this classification diagram, 
the samples fall in the field of shale and the litharenite (Fig. 44). As expected the 
chemical compositional difference between sandstones and shales are resulted from 
grain size, as Si02 content is higher in the sandstone samples and AI2O3 content is 
higher in the shale samples. This is also depicted in the diagram shown in Fig. 30 
and Fig. 31. The coarser- grained samples contained more detrital quartz, feldspar 
and lithic fragments and the finer-grained samples more detrital phyllosilicates. 
Although minor variations are observed, but on the whole the samples have 
dominantly similar source rock compositions. REE patterns from both the Barail and 
the Surma sandstones and shales closely resemble PAAS representing the post-
Archean upper continental crust (Fig. 40, Fig. 41 and Fig. 42). This also suggests 
that other factors such as heavy minerals have not much affected these rocks. 
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Fig. 44. Geochemical classification of the Barail and the Surma 
sandstones and shales using log (SiO /^AI^ OsJvs. log (FejOs t/K^O) 
(after Herron,1988). 
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PALEO-WEATHERING AND PROVENANCE 
The effects of weathering and sedimentary processes as well as 
compositional characteristics of source rocks are recorded in sedimentary rocks. 
Sedimentary rocks are the only evidence we have of the ancient upper crust that 
might have been removed by erosion, covered by sedimentary deposit or buried deep 
in the crust. A combination of the detrital and geochemical compositions of 
sedimentary rocks provides important information on the characteristics of the 
provenance as well as tectonic setting (van de Kamp and Leake, 1995, Roser and 
Korch, 1986, 1988; Bhatia and Crook, 1986; McLennan et al., 1990, 1993). From 
the petrographic study it is observed that the main framework grains of sandstones 
from this study area are quartz, lithic fragments and feldspars both plagioclases and 
K-feldspar (microcline/ perthite). The abundance of feldspars though variable, is 
lesser than rock fragments and hence, the sandstones are classified as are 
sublitharenite and litharenite (Fig. 23). 
This study, based on the petrography and geochemistry of the clastic rocks, 
demonstrates that the geochemical indices are closely similar to the modal variations 
and hence can add valuable support to petrographic techniques. The depletion of the 
elements like Ca and Na, Rb, Ba and Cs, which are controlled by feldspars, reflects 
lack of feldspar in studied samples and hence, the sandstones are geochemically 
classified as litharenite (Fig. 44) which is consistant with petrographic observation. 
Lithic fragments are dominantly sedimentary and metasedimentary. Although the 
chemical composition of the clastic rocks may be used to constrain the source area 
composition, several important and often overlooked factors contribute to the 
distribution of elements in terrigenous sediments. In the present chapter an attempt 
has been made to investigate major and trace elements including REE of the Barail 
and the Surma clastic rocks of the Barak basin to evaluate its implications for source 
rock for which no chemical data are available, provenance of sediments deposited to 
this basin, effect of weathering on the source rock, influence of the transport and 
tectonic setting of the basin. Additional data from the nearby places within the Indo-
Myanmar ranges (Srivastava and Pandey, 2004; Thong and Rao 2006) and also from 
the Himalayas (Devon et al., 1986; Dikshitulu and Raju, 1997; Gururajan and 
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Choudhuri, 2007; Rashid and Islam, 2008) are also examined to trace out the most 
possible and dominant source rock and to locate the source area. 
Paleoweathering and Paleoclimate Conditions in the Provenance 
Chemical compositions of the sediments indicate the influence of variable 
intensities of the weathering and decomposition of source rocks. Chemical 
weathering have important effects on the composition of silicate rocks, where large 
cations (Rb, Ba), remain fixed in the weathered residue, in preference to smaller 
cations (Na, Ca, Sr), which are selectively leached (Nesbitt et al., 1980). These 
chemical trends may be transferred to the sedimentary record (Nesbitt and Young, 
1982; Wronkiewicz and Condie, 1987), and thus provide a useful tool for 
monitoring source-area weathering conditions. 
The intensity and duration of weathering in source area of sedimentary rocks 
can be evaluated by examining the relationship among alkali and alkaline earth 
elements (Nesbitt and Young, 1982, 1996). The dominant process during chemical 
weathering of the upper crust is the alteration of feldspars, the most abundant of the 
reactive minerals, and the neoformation of clay minerals. During weathering, 
calcium, sodium, and potassium are largely removed from feldspars (Nesbitt et al., 
1980), so the abundance of these elements with respect to a less easily removed 
element can be used a measure of the extent of chemical weathering. Since, in 
feldspars, Al is the least mobile element, Nesbitt and Young (1982) proposed a 
"Chemical Index of Alteration (CIA)", calculated as CIA= [AI2O3/ (AI2O3+ CaO* 
+Na20 +K2O)] X 100, where the oxides are expressed as molar proportions and 
CaO* is the amount of CaO incorporated in the silicic fraction of the rock. CIA 
values for the Barail sandstones range from 65.46 to 74.39 and those of the shales 
range from 66.24 to 71.69 whereas, CIA values of Surma sandstones vary from 
61.68 to 77.13 and of the shale ranges from 67.44 to 71.31. Although, uncertainties 
exist in interpretating the CIA because of possible mobility of alkali and alkaline 
earth elements, CIA values have been used to interpret weathering profile of source 
regions. The CIA values for average shale range from 70-75, which reflects the 
compositions of muscovite, illite, and smectites. Unweathered igneous rocks and 
fresh feldspar show values about 50, whereas intensely weathered residual rocks 
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forming kaolinite and gibbsite have values approaching 100 (Nesbitt and Young, 
1982). This value in Post Archean Australian Shale (PAAS) is reported to be 69 
which is considered to represent moderate to higher degree of chemical weathering. 
The observed CIA values of the Barail and the Surma sandstone and shales indicate 
moderate to higher degree of chemical weathering at source area. McLennan et al. 
(1990) state that finer grained rocks commonly contain more information about 
weathering than do associated sandstones. 
A more useful way of evaluating the chemical weathering trend, compared to 
simple comparison of numerical values of CIA index, is to employ a ternary plot 
known as A-CN-K (Fig. 45) with AI2O3 plotted at the top apex, CaO* + Na20 at the 
bottom left apex and K2O at the bottom right apex (Nesbitt and Young, 1984). 
During initial stages of weathering, Na and Ca are removed from the earlier 
dissolved plagioclase and those samples which have undergone weak weathering 
will plot parallel and close to the A-CN line. Advanced weathering results in the 
dissolution of K-feldspar to release K in preference to Al, so that, the bulk 
composition trends of the residues are redirected to the AI2O3 apex (Nesbitt and 
Young, 1984). The line through the data points intersects the feldspar line at an 
estimated bulk proportion of plagioclase and K-feldspar (Fedo et al., 1995). The 
bulk samples plot above the feldspar join and group between 60 and 80 % AI2O3 
content. This represents a moderately weathered source, similar to the CIA values, 
which can be read directly off the vertical axis of this diagram (Nesbitt and Young, 
1982; Fedo et al., 1995). This also suggests that the effects of weathering had not 
proceeded to the stage where alkali and alkaline earth elements are substantially 
removed from the clay minerals (Taylor and McLennan, 1985). The A-CN-K 
triangle is also useful in indicating post-deposition metasomatic modification (Fedo 
et al., 1995). The Barail and the Surma samples do not exhibit any evidence of K-
metasomatism, an alteration that would cause the samples to move closer to the K-
apex. 
As K- metasomatism may possibly reduce the CIA values, many researchers 
used Chemical Index of Weathering (CIW) and Plagioclse Index of Alteration (PIA) 
for better estimation of weathering condition in the source rocks (Hamois, 1988 and 
Fedo et al., 1995). The CIW index eliminates the effect of K-metasomafism. CIW is 
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Fig. 45. A-CN-K(Al203-CaO*+NajO-K20)dlagram (Nesbitt and Young, 
1984) for the Barail and the Surma sandstones and shales. The samples of 
the Disang sandstones (Thong and Rao, 2006) and Disang-Barail 
Transition sandstones (Srivastava and Pandey, 2004) are also shown. Numbers: 
1-5 denote trends of initial weathering profiles of various rock types: 1,gabbro; 
2, tonalite; 3, diorite;4,granodiorite; 5, granite. 
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defined as: CIW= [AI2O3/ (AbOa+CaO* + Na20)] X 100 where the oxides are 
represented in mole proportion. The Chemical Index of Weathering value of Barail 
sandstones and shales ranges from 75.05 to 89.55 and from 72.94 to 83.74 
respectively whereas, for the Surma sandstones and shales it varies from 70.73 to 
88.09 and 80.13 to 84.33 respectively indicating moderate to intense weathering of 
source rock, which also support the above evidence. However, CIW is as much as a 
function of source rock composition as it is a function of weathering intensities, thus 
could not be strictly applied if source-terrane composition varies. 
The nature of chemical weathering can also be portrayed by Plagioclse Index 
of Alteration (Fedo et al., 1995), calculated by using the formula (molecular 
proportion) PIA= [(AI2O3-K2O)/ (AI2O3 + CaO* + Na20-K20)] XI00 CaO* 
represents CaO in silicate fractions. The maximum PIA value is 100 (kaolinite, 
gibbsite) and unweathered plagioclase has a PIA value of 50. PIA value for the 
Barail sandstones ranges from 71.29 to 86.88 and that of the shales ranges from 
69.90 to 80.45, whereas the Surma sandstones have PIA values ranging from 65.70 
to 86.11 and that of the shales range from 75.38 to 80.83, suggesting moderate to 
intense plagioclase weathering. The observation is almost consistent with the CIA 
values. Depletion of CaO, Na20 and Sr in UCC normalized diagram (Fig. 17 and 
Fig. 18) support the moderate to intense plagioclase weathering. Paleoweathering 
condition is also examined with the Fe203 (t)-K20-Al203 (Wronkiewicz and Condie, 
1987) ternary diagram (Fig. 46). It is evident from this diagram (Fig. 46) that most 
of the samples plot close to and on the trend A in the field of shale eventually at the 
junction of overlapping residual clays, indicating their derivation from weathered, 
AI2O3- rich detritus (kaolinite and /or illite rich) indicating moderate to high 
weathering in source area supporting CIA indices and A-CN-K plot (Fig. 45). 
Further evidence for sandstones and shales maturity can be seen in the silica-
alkalies- mafics (SAM) diagram (Roser and Korsch, 1999) showing higher 
concentrations of silica (Fig. 47). The higher silica content might have been caused 
by weathering or recycling. 
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Fig. 46. Fe203{t)-K20-Al203 diagram (Wronl<iewicz and 
Condie, 1987) for the Barail and the Surma sandstones and 
shales. NASC, North American Shale Composite; Gr, granite; 
Ton, tonalite; Th, Tholeiite; Kom, Komatiite. The samples of 
the Disang sandstones (Thong ang Rao, 2007) and the Disang-
Barail Transition sandstone (Srivastava and Pandey, 2004) of 
the Naga Hills (Nagaland) of the Indo-Myanmar ranges are 
shown for comparison. 
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Fig. 47. SAM diagram (Roser and Korsch, 1999) for the Barail 
and the Surma sandstones and the shales. The Disang sandstones 
(Thong and Rao, 2006) and the Disang-Barail Transition sandstones 
(Srivastava and Pandey, 2004) of the Naga-Hills of the Indo-
Myanmar ranges are also shown for comparison in this diagram. 
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One approach toward assessing original detrital mineralogy is to use the 
Index of Compositional Variability (ICV), defined by ICV = (Fe203 +K2O +Na20 
+CaO+ MgO+ Ti02)/Al203 and the ratio K2O/AI2O3. Non-clay minerals have a 
higher ratio of the major cations to AI2O3 than do clay minerals; hence, the non-clay 
minerals yield a higher value of ICV. The ICV values decrease in the order of 
pyroxene and amphibole (-10-100), biotite (~ 8), alkali feldspar (-0.8-1), 
plagioclase (-0.6), muscovite and illite (-0.3), montmorillionite (0.14-0.3), and 
kaolinite (-0.03-0.05) (Cox et al., 1995). Thus, immature mudstones with a high 
percentage of non-clay silicate minerals will exhibit ICV values greater than one. 
Such mudstones are often found in tectonically active settings as first cycle deposits 
(van de Kamp and Leake, 1985). In contrast, more mature mudstones with mostly 
clay minerals ought to display lower ICV values that are less than one (Cox et al., 
1995). Such mudstones may form in cratonic environments (Weaver, 1989) where 
recycling and weathering processes dominate. In addition, mudstones displaying 
ICV values less than one has also been found in some intensely weathered first cycle 
material (Barshad, 1966). 
The ICV values of the Barail sandstones range from 0.68 to 0.99 and for the 
Barail shales it ranges from 0.85 to 1.08 whereas, those of the Surma sandstones 
range from 0.61 to 1.08 and for the shales it varies from 0.73 to 0.95, suggesting that 
most samples are compositionally mature, and most likely dominated by recycled 
materials, an interpretation that is consistent with petrographic observations. 
However, samples with ICV value slightly greater than one suggest input of first 
cycle sediment or preferential enrichment of quartz and feldspar during deposition. 
The mixing of some non-clay silicate minerals from a first-cycle source for these 
samples is most probable, as moderate CIA values indicate no intense chemical 
weathering. 
The K2O/AI2O3 ratio is an important parameter in sedimentary rocks in order 
to understand the source of Al and its distribution among minerals like clay and 
feldspar. K2O/AI2O3 ratios also indicate how much alkali feldspar vs. plagioclase 
and clay minerals were present in the original rock. From high to low, the 
K2O/AI2O3 ratios of common minerals are alkali feldspar (0.4-1), illite (~ 0.3), and 
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other clay minerals (nearly 0) (Cox et al., 1995). The Barail and the Surma 
sandstones and shales have K2O/AI2O3 ratio around 0.2, which is typical of illite, 
which is supported by the samples that plot close to illite (Fig. 34 and Fig. 35). This, 
in turn, indicates minimal alkali feldspar in the source, and illite has played a major 
role in distribution of elements in these rocks. This result is consistent with the 
generally low amounts of feldspar in the sandstones of these studied samples. It 
appears that K-feldspar in the original source region of these sandstones may have 
been altered to illite, which forms during weathering of granitic rocks (Nesbitt et al., 
1980). 
With low K2O/AI2O3, the average CIA values for the Barail and the Surma 
samples suggest minimal K-feldspar content in the source area. In addition, the 
depletion of CaO and Na20 compared to UCC reflects the paucity of plagioclase in 
these studied samples (Fig. 32 and Fig. 33). The above results may indicate that the 
large amount of sediments were derived dominantly from the source rocks that 
contained little feldspar before they underwent weathering. This interpretation is 
consistent with petrographic data and it is proposed that the sedimentary, 
mietasedimentary and low grade metamorphic rocks were the main type of rocks 
source region, though very less plutonic rocks may contribute some sediments to 
this basin. CIA values are not significantly changed during metamorphism, 
therefore, even though source rock may be metamorphic or sedimentary, CIA value 
is compatible to shale and reflect moderate to intense magnitude of weathering in the 
source area. 
Large ion lithophile elements such as Rb, Sr, Ba, and Cs and K2O behave 
similarly during weathering processes. K2O, Rb and Cs will be incorporated into 
clays during chemical weathering. However, in the most weathered rocks, Rb, 
because of larger ion, is held in preference to K (Nesbitt et al., 1980). The positive 
correlations between AI2O3- K2O (Fig. 31) K-Rb and K-Ba in this study (Fig. 37) are 
the indicative of weathering of K-bearing minerals (Feng and Kerrich, 1990). 
Aluminium is the main constituent of clay minerals. Rb, Ba and Sr showing high 
positive correlation with AI2O3 (Fig. 48), indicate that the distribution of these 
elements is controlled by phyllosilicates. The strong positive correlation of Rb with 
K (Fig. 37) reveals its association with illitic phases, because Rb with respect to K, 
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Fig. 48. Plot of AI2O3 vs. Ba, Rb, Sr and Cs 
for the Barail and the Surma sandstones 
and shales showing the positive correla-
tions of the samples. 
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is preferentially retained in the illitic during weathering processes (Wronkiewicz and 
Condie, 1989; Nesbitt et al., 1980). In contrast, CaO, Sr and Na20 tend to be leached 
(Nesbitt et al., 1980). Strontium is commonly enriched in plagioclase; thus, 
decomposition of plagioclase during weathering results in leaching of Sr from the 
parent rock. The higher Na20/CaO and variable K20/Na20 but generally higher 
(higher than the average upper crustal value of 0.9) of the studied sedimentary rocks 
might have been caused by more decomposition of plagioclase. Along with Ca and 
Na, Rb, Ba, and Cs are mainly controlled by feldspars, and thus, general depletion of 
these elements suggest less feldspar in the studied samples. This may indicate that 
feldspars were removed by post-depositional dissolution or through weathering in 
the source area or simply less presence of feldspar in the source area. Considering 
the results derived from petrographic observation on associated sandstone and other 
geochemical evidence of shale, the latter seems more probable. 
The controls on Th/U ratios in sedimentary rocks are complex and of interest 
because weathering and recycling is expected to result in oxidation and removal of 
U. Upper crustal igneous rocks have Th/U averaging about 3.8, with considerable 
scatter (Taylor and McLennan, 1985). Although highly reduced sedimentary 
environments can have enriched U leading to low Th/U, weathering results in 
oxidation of insoluble U''^  to soluble U^ ^ thereby loosing U to solution and 
increasing of Th/U ratios. Thus, the higher value of the Th/U ratio for the Barail and 
the Surma sandstones and shales might have been because of the oxidation. In 
sedimentary rocks, Th/U values higher than 4.0 may indicate weathering in source 
areas or sediment recycling (i.e., derivation from older sedimentary rocks). The 
Th/U vs. Th plot for the Barail and the Surma sandstones (Fig. 49) shows a typical 
distribution similar to the average values of fine grained sedimentary rocks reported 
by Taylor and McLennan (1985) and almost follows the normal weathering trend 
(McLennan et al., 1993). It follows from this result that the sources for the Barail 
and the Surma sandstone were recycled sediments and/or might have undergone 
some degree of weathering. The sedimentary sorting and recycling can be monitored 
by a plot of Th/Sc against Zr/Sc (McLennan et al., 1993). First-order sediments 
show a simple positive correlation between these ratios whereas recycled sediments 
show a substantial increase in Zr/Sc with far less increase in Th/Sc. On the Th/Sc vs. 
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Fig. 49. Plots of Th/U vs. Th for the Barail and the Surma 
sandstones and shales (after McLennan et al., 1993). 
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Zr/Sc diagram, the Barail and the Surma clastic rocks follow a general trend 
consistent with recycling of the sediments (Fig. 50). It can be, therefore, inferred 
from Fig. 50 and that the bulk of the Barail and the Surma sandstone and shale were 
derived from recycled sedimentary and metasedimentary source rocks that had 
undergone some degree of weathering. 
Although the chondrite-normalized FLEE patterns of the studied samples are 
similar to those of PAAS, NASC and UCC (Taylor and Mc Lennan., 1985) but in 
abundance they are close to the UCC (Fig. 40, Fig. 41 and Fig. 42). The chondrite-
normalized patterns show LREE enrichment (average Law/SmN of 3.05 for the Barail 
sandstone and average LaN/Smw of 3.75; average LaN/Smw of 3.34 for the Surma 
sandstones and average Law/SmN for the Surma shales; average LaN/Ybw of 9.01 for 
the Barail sandstones and average Law/YbN of 14.95 for the Barail shales and 
average LaN/YbN of 9.69 for the Surma sandstones and average Law/YbN of 14.25 
for the Surma shales). Sandstone samples are relatively enriched in HREE, resulting 
in lower average LaN/Ybw ratio than the shales. The higher mean content of the REE 
in the Barail and the Surma sandstones and shale relative to UCC (Table 6) and 
similar Law/YbN ratio for the Barail and the Surma sandstones and higher LaN/Ybw 
ratio from the Barail and the Surma shales could reflect a higher degree of 
weathering at source, possibly as a consequence of sedimentary recycling. The 
Barail and the Surma sandstones have slightly enriched REE and comparable 
LaN/Ybw and sandstone petrography points to the possibility of recycling based on 
the presence of lithic fragments. Thus, it is suggested that the Barail and the Surma 
clastic rocks are typically continentally derived sediments that are more weathered 
or recycled than UCC and PAAS. The slight variations in REE abundance and 
distribution patterns in these sandstones and shales can be interpreted as a result of 
differences in mineral sorting rather than chemical weathering, and degree of 
recycling and the major changes in source rocks. Therefore, assuming that 
sandstones and shales of the same age having overall similar source area, 
comparison of the chemical compositions of these two, allows an evaluation of the 
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Fig. 50. Th/Sc-Zr/Sc plot (Taylor and McLennan, 1985) showing 
a magmatic trend and the plutonic equivalent plot in similar 
positions.The Barail and the Surma sandstones and shales on this 
diagram suggest the granitic composition. 
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Source Rock Characteristics 
Chemical composition of sedimentary rock may be used to constrain source 
rock composition and major element oxides provide evidence for the source rock 
composition. AI2O3 and Ti02 are major oxides that are generally unaffected by 
sedimentary processes and Al203/Ti02 ratios could be similar to that of its source 
rocks. Therefore, these ratios of most clastic rocks are generally used to infer source 
rock composition. The Al203/Ti02 ratio ranges from 3 to 8 for mafic igneous rocks, 
from 8 to 21 for intermediate rocks, and from 21 to 70 for felsic igneous rocks 
(Hiyashi et al., 1997). Al203/Ti02 ratio of the Barail and the Surma sandstones and 
shales ranges from 15.59 to 22.23, comparable to intermediate to felsic igneous 
rocks, similar to granodiorite (andesite) and granite source rock. The A-CN-K 
diagrams (Fig. 45) also suggest that these sandstones and shales could have been 
derived mostly from granodiorite and granite source rocks. The SAM diagram (Fig. 
46) also indicates that these sandstones and shales were mostly eroded from average 
granodiorite source. In the trilinear plots of Fe203-MgO- Ti02 and CaO-Na20-K20 
(Condie, 1967), however, the samples plot within or near the field of granitic 
material indicating granitic source (Fig. 51). The granitic source rock composition is 
also evident from SiO2/10-CaO+MgO +Na20+K20 diagram (Taylor and Mc 
Lennan, 1985)(Fig. 52). 
With the evidence of major- element mobility, provenance discrimination is 
best achieved using the immobile high field strength (HFS) and rare earth elements 
(REEs). Trace elements data are valuable in studies of evolution of the continental 
crust and for assessment of provenance and tectonic setting in clastic sediments 
(Taylor and McLennan, 1985, Bhatia and Crook, 1986; McLennan et al., 1990, 
1993). Although there are some variability, elements typically enriched in 
petrologically evolved (felsic) rocks are more or less similar to UCC (Fig. 32 and 
Fig. 33). Elements enriched in basic igneous rocks and associated mafic minerals 
(Cr, Ni and Co) are generally slightly higher than UCC. The elemental ratios of 
some trace elements in the sandstones and associated shales may be more 
representative of the source than the elemental concentrations as the use of ratios 
formed between felsic and mafic-linked elements maximizes the contrast between 




^ re flj 







"re "(5 E E u k k k 






















o ^ « - * ' 
E 














- r w 
^ • D 
0 i 


















i l £ 
CO 
• Barail Sandstone 
A Barail Shale 
• Surma Sandstone 
o Surma Shale 
«. Disang Sandstone 




J I L 
CaO+MgO Na,0+K,0 
Fig. 52. SiO2/10- CaO+MgO- NBJO+KJO diagram showing more 
granitic composition trend (Taylor and McLennan, 1985) for 
the Barail and the Surma sandstones and shales compared 
to the Disang sandstones (Thong and Rao, 2006) and the 
Disang-Barail Transition sndstones (Srivastava and Pan 
-dey, 2004) from Naga-Hills of the Indo-Myanmar ranges. 
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The REEs and high field strength elements (HFSE) (including Y, Zr, Ti, Nb, 
Ta), Th, So, Hf and Co are the most suitable ones for provenance determination, 
because of their relatively low mobility during weathering, transport, diagenesis and 
metamorphism. Ratios of both incompatible and compatible elements are useful for 
differentiating between felsic and mafic source components. The Th/Sc ratio, as a 
measure of concentration of felsic/ mafic rocks in the source area shows value of 1 
and greater than 1. Th is incompatible and is expected to be abundant in younger, 
more differentiated felsic crust. In contrast, Sc which is compatible, is expected to 
be more abundant in the early formed and less differentiated mafic crust (Taylor and 
McLennan, 1985). The Th/Sc ratios of the studied clastic rocks are consistent with 
felsic rocks. Further elemental ratios of Eu/Eu*, (La/Lu)N, La/Sc, Th/Sc, Th/Co and 
Cr/Th are significantly different in mafic and felsic source rocks and can, therefore, 
provide information about the provenance of sedimentary rock (Cullers et al., 1988; 
Condie and Wronkiewicz, 1990). These ratio values of the Barail and the Surma 
sandstones and shales of Barak basin are more similar to the sediments derived from 
felsic source rocks rather than from mafic source, suggesting that these sandstones 
and shales probably were derived from felsic source rocks as shown in Table 8. 
Heavy mineral sorting can be an important factor in trace element ratio in 
sediments. The significance of heavy mineral concentrafion can be assessed by 
examining zircon concentrations via Th/Sc-Zr/Sc relations (McLennan et al., 1993) 
(Fig. 50). The Th/Sc ratio is thought to be transferred quantitafively from source to 
sediment (Taylor and McLennan, 1985), whereas Zr/Sc will increase if resistant 
zircons accumulate relative to labile phases, or are concentrated by sedimentary 
processes. Zircon will thus act as an index for other heavy minerals. The Barail and 
the Surma sandstones fall near the trend expected for heavy-mineral concentration 
(Fig. 50). However, the shale samples plot near UCC. The trend and grouping of the 
Barail and the Surma sandstones suggests that although minor heavy mineral 
concentration has occurred in the sandstones, the ratios will largely reflect the source 
material, and the grouping of the sandstone samples near rhylolite and the shale 
samples give a measure of the average bulk source composition. Thus, cluster of the 
samples near the rhylolite and UCC composition confirms the felsic nature of the 
source region, as indicated by major element chemistry and the trace element ratios. 
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Similarly, when the samples are plotted in Th-Hf-Co and La-Th-Sc ternary 
diagrams (Wronkiewicz and Condie, 1989), the Barail sandstones and shales are 
scattered indicating mixing of the different source rocks, whereas. Surma sandstones 
and shales cluster around the Post Archean Shale (PAAS and NASC) (Fig. 53). The 
PAAS has been suggested to have been derived from a granitoid source (Cullers 
1994; Taylor and McLennan 1985), so, the clastic rocks of the study area can also be 
considered to have been received terrigenous material derived from a granitoid 
source. Floyd and Leveridge (1987) used La/Th vs Hf plot to discriminate between 
different source compositions. In Fig. 54, the samples are scattered, though, most the 
Barail and the Surma sandstone samples fall in the felsic source field and cluster 
around the average composition of upper continental crust. However, the shale 
samples plot in the field indicating derivation from mixed felsic/basic source 
regions. 
REE concentrations in sedimentary rocks are usefiil indicators of crustal 
provenance because of the nearly quantitative transfer of these elements in 
sedimentary systems (Taylor and McLennan, 1985). In general, sediments derived 
from continental crust (with or without a superimposed volcanic arc) are LREEs-
enriched, and have REE patterns comparable with sediments deposited adjacent to 
juvenile arcs (McLennan et al., 1990). Therefore, a variety of REE patterns are 
possible in sedimentary rocks, depending upon their provenance and tectonic setting. 
The REE pattern and the size of the Eu anomaly have also been used to infer source 
of the Barail and Surma sandstones and shales. The chondrite- normalized (Sun and 
McDonough, 1989) REE diagram is shown in Figs. (40, 41 and 42). The general 
uniformity of REE patterns reveal that fractionation or alteration did not 
significantly affected the REE characteristics and reflects the original source. It is 
generally believed that the transport of REE into the sedimentary basins is primarily 
a result of mechanical rather than chemical transport (Nance et al., 1976). Therefore, 
uniformity of REE patterns of the samples suggest no significant redistribution of 
REE within weathering profiles. The degree of differentiation of LREE from HREE 
is a measure of the proportion of felsic to mafic components in the sources, whereas 
Eu anomalies may provide information about the processes which affect the source 
rock such as whether plagioclase has been removed from the ultimate igneous 
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Fig. 53. The Barail and the Surma sandstones and shales plot on 
the Th-Hf-Co and La-Th-Sc diagram (Wronkiewicz and Condie, 1987, 
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Fig. 54. La/Th-Hf plot (Floyd and Leveridge, 1987) for the source 
and compositional discrimination of the Baraii and the Surma 
sandstones and shales. 
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sources of the sediments (Taylor and McLennan, 1985). Felsic igneous rocks usually 
contain higher LREE/HREE ratios and negative Eu anomalies and mafic igneous 
rocks contain lower LREE/HREE ratios with little or no Eu anomalies (Cullers, 
1994, 2002). The enriched LREE patterns and the almost flat HREE patterns and 
negative Eu anomaly have been considered to indicate that the original source rocks 
may be dominantly felsic and the negative Eu anamaly is regarded as an evidence 
for a differentiated silicic source (McLennan et al., 1993; Taylor and McLennan, 
1985). High values of Law/SmN (2.83-3.46), LaN/Ybw (7.21-9.91), Cew/YbN (7.39-
11.83) and GdN/Ybw (1.82-2.03) for the Barail sandstones, Lan/SmN (3.4-3.96), 
LaN/Ybw (12.16-18.25), Cew/YbN (8.94-13.22, except for one sample TP-1 having 
the ratio of 40.30) and GdN/Ybw (2.4-3.24) for the Barail shales, Law/SmN (2.83-
3.62), LaN/Ybw (7.88-10.36), Cew/YbN (6.22-11.14) and Gdw/YbN (1.62-2.43) for the 
Surma sandstones and Law/Smw (3.51-3.87), Law/YbN (8.78-17.91), Cew/Ybw (6.74-
12.83) and Gdw/Ybw (1.62-2.84) for the Surma shales are closely similar with those 
of felsic igneous rocks or reworked sedimentary provenance. 
Positive correlation of HREE against Ti02, Y, Th and Nb for the Barail 
sandstones and shales (Table 8) suggesting the possible presence of allanite and 
titanite, which are the typical accessory minerals in granodiorites, contributing 80-
85% of their total REE content (Groment and Silver, 1983) also suggest that the 
sediment were contribute from the felsic source. Negative correlation between Zr-
(Zr/Y) (Fig. 43) and Zr-HREEs for the Barail clastic rocks point to lack of zircon 
control on REE which in turn indicate less contribution from granitic source for the 
Barail sandstone and shales. It would thus appear that minor accessory minerals 
were concentrated in the clay fraction during the weathering of granodioritic 
provenance for the Barail sandstones and shales. In contrast, the good correlation 
between Zr- (Zr/Y) (Fig.43) and Zr-HREE (Table 7) for the Surma sandstones and 
shales show the presence of zircon. However, generally less Zr content with very 
few zircon minerals observed for some samples preclude large felsic granitic source 
for the Surma sandstones and shales. The Surma sandstones and shales have 
negative correlations of HREE against TiOj, Y, Th and Nb. In turn it reflects that 
these sediments were derived from multiple source rocks. Ti02 vs. Ni bivariate plot 
(Fig.55; Floyd etal., 1989) indicate that these sandstones and shales were mainly 
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Fig. SS.TiO -^Ni (Floyd et al., 1989) plots for the discrimination of source 
rocks of the Barail and the Surma sandstones and shales. The samples 
reflect derivation from felsic source and mature recycled sediments. 
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derived from felsic source rocks and recycled sediments, which is supported by the 
interpretation of ICV value. Presence of monazite in the Surma sandstones and 
shales also support that source rocks were granodiorite and gneissic, as the monazite 
is an accessory mineral in these rocks and in detrital sands derived from them. Most 
of the samples show patterns similar to the Post - Archean shale (PAAS and NASC) 
and Upper continental crust representing the post-Archean upper continental crust 
(Fig. 40, Fig. 41 and Fig. 42). The UCC~normalised multi-element patterns to 
represent contributions of felsic and mafic end member sources, indicate that Co, Cr 
and Ni are generally equivalent to or slightly greater than those of UCC (Fig. 32 and 
Fig. 33). However, Cr/Ni, Y/Ni and CrA^ ratios suggest less abundance mafic and 
ultramafic rocks must have not presented in the source area of the Barail and the 
Surma rocks. The bivariant plot of Ti02 (%) and AI2O3 (%) (Fig. 56) is also used 
extensively for determining source rock compositions (McLennan et al., 1980 and 
Schieber, 1992). This bivariate plot of the Barail and the Surma samples indicates 
that these sediments are originally derived from predominantly felsic source with 
partial contribution from mafic source. This interpretation is further supported by the 
REE vs. K20/Na20 ratio plot (Bhatia, 1985; Sinha et al., 2007) (Fig. 57) which 
shows that the samples are plotted near the samples which are derived from the 
granite-gneisses, low grade metamorphics (Lesser Himalaya), sedimentary and 
mafic rocks. 
Probable Source Area 
From the petrographic observation of the Barail and the Surma sandstones, it 
is interpretated that these sediments have been derived from the collisional suture 
and the fold-thrust belt. Sediments derived from such a setting are composed entirely 
of quartzose and fine-grained sedimentary rock fragments. Feldspar deficiency can 
be interpreted as a result of recycling rather than intense weathering in the source, 
due to the presence of abundant fine-grained sedimentary lithic fragments. The 
presence of abundant quartz and sedimentary to metasedimentary lithic fragments, 
along with the lack of feldspar, is consistent with derivation of the sediments 
dominantly from older sedimentary rocks. Sandstones from the study area show 
similarity to those derived mainly from uplifted orogenic belt containing acomplex 
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Fig. 57. Total REE (ppm) vs. KfilHaJO plot for the 
Barail and the Surma sandstones and shales. 
Samples from the known source: granite-gneisses and 
sedimentary source from Bhatia (1985) and granite-gneiss, 
low-grade metamorphics, sedimentary and mafic rocks 
from Sinha et al. (2007) are plotted for comparison. 
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rocks with minor contributions from plutonic and volcanic igneous rocks. The lack 
of feldspars in sandstones, negative Eu anomalies of the most samples similar to 
those seen in PAAS and UCC, depletion in Ca and Na along with Sr, Rb, Ba and Cs, 
and low K2O/AI2O3 ratios in these samples all suggest lack of feldspar in the source 
rocks. Many lines of evidences strongly reflect the dominant intermediate to felsic 
composition for the Barail and the Surma sandstones, even though, minor difference 
in composition has been observed. 
The study area is bounded by the orogenic belts in the north by the 
Himalayas and in the northeast and east by the Indo-Myanmar orogenic belts. In the 
absence paleocurrent data, it is difficult to locate the source area which contributed 
the dominant sediments in this basin. So, major elements composition and REE data 
of the Barail and the Surma sedimentary rocks of the study area have been compared 
with the possible source rocks including the Himalayan granitoid to the northwest 
(Devon et al., 1986) and different other rock types of eastern Himalayas (Arunachal 
Pradesh) (Dikshitulu and Raju, 1997; Rashid and Islam, 2008) to the north and 
Trans-Himalayas plutonic complex (Gururajan and Choudhuri, 2007), as well as the 
Disang (Thong and Rao, 2006) and the Disang- Barail Transition sandstones 
(Srivastava and Pandey, 2004) of Naga-Hill (Nagaland, Fig.l ) of Indo-Myanmar 
orogenic belt to the northeast and east. The REE patterns of the Barail (except one 
sample) and the Surma sandstones and shales have more similarity with the gneissic-
granite and mica-schist of the Bomdila Lesser Himalaya (Fig. 58) and the leuco-
granite of Lesser Himalayan and High Himalaya (to the north and above the Main 
Central Thrust) of Cenozoic age (Devon et al., 1986) (Fig. 59). The REE patterns of 
Barail and Surma sandstones and shales are different from leuco- granite of North 
Himalaya (50 km south of the Indus-Tsangpo suture zone of Paleozoic age) (Devon 
et al., 1986), the granitoids of Central gneissic complex of eastern Himalaya 
(Arunachal Pradesh, Dikshitulu and Raju, 1997) (Fig. 60) and the Trans-Himalaya 
Plutonic complex rocks (Fig. 61) as well as the Disang of Indo-Burma (Thong and 
Rao, 2006), which suggests that these sandstones and shales were predominantly 
derived from the eastern Himalaya and the leoco-granite of Lesser and Higher 
Himalaya. The (Gd/Yb)N ratio also documents the nature of source rocks and the 
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Fig. 58. Chondrite-normalised REE patterns of the average concentrations 
of the Barail sandstones and the shales, the Surma sandstones and shales, 
UCC (Taylor and McLennan, 1985) and the Lesser Himalaya Bomdila mica-
schist, gneissic-granite and quartzite (Rashid and Islam, 2008). 
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Fig. 59. Chondrite-normalised REE patterns of the average concen-
trations of the Barail sandstones and shales, the Surma sandstones 
and shales, UCC (Taylor and McLennan, 1985) and the leocogranite 
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Fig. 60. Chondrite-normalised REE patterns of average concentrations 
of the Barail sandstones and shales, the Surma sandstones and shales, 
UCC (Taylor and McLennan, 1985) and the granitoid of Central gneissic 
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Fig. 61. Chondrite-normalised REE pattern of average concentrat-
ions of the Barail sandstones and shales, the Surma sandstones 
and shales, UCC (Taylor and McLennen, 1985), the Trans-Hima-
layan Plutonic complex (Gururajan and Choudhury, 2007). 
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generally has higher (Gd/Yb)N ratio, recording typically values above 2.0 in 
sedimentary rocks, whereas the Post-Archean rocks have (Gd/Yb)N values 
commonly between 1.0 and 2.0 (McLennan, 1989; McLennan and Taylor, 1991). In 
the Eu/Eu* vs. (Gd/Yb)N plot (Fig. 62), the Barail sandstones and shales are 
scattered. However, they plot close to gneissic-granite and mica-schist of the 
Bomdila Lesser Himalaya and the leuco- granite of High and Lesser Himalaya, 
indicating the mixing of the sediments from different source rocks, whereas, the 
Surma sandstones samples fall below (Gd/Yb)N = 2.0 boundary line, except for one 
sample, which fall above this line, however, the Surma shale samples show 
scattering. The Eu/Eu* and (Gd/Yb)N ratios of the Surma sandstones and shales fall 
more or less near to the gneissic- granite and mica-schist of the Bomdila Lesser 
Himalaya and leuco-granite of Lesser Himalaya, which suggest that the Bomdila 
Lesser Himalayan gneissic-granite and mica-schist and leoco-granite of the Lesser 
Himalaya could be the predominant source rocks for Surma sandstones and shales. 
As more similarity is observed between the samples from the study area and the 
Bomdila Lesser Himalaya, I compared the average trace elements composition of 
the Barail and the Surma clastic rocks and the Bomdila Lesser Himalaya samples, 
shown in the UCC-normalized multi-element patterns (Fig. 63). The diagram 
exhibits trace elements with Cr and Ni slightly higher in the Barail and the Surma 
sandstones and shales. 
Both petrography and geochemistry of the Barail and the Surma sandstones 
and shales, as discuss above, suggest that granite-granodiorite, sedimentary or 
metasedimentary rocks of typical upper continental crustal composition were in their 
provenance with minor contribution from mafic rock, volcanic and ophiolite rock 
suites. Ophiolite and volcanic detritus in these samples, though negligible in amount, 
may have been derived from the Indo-Myanmar ranges to the northeast and east 
which lie at close proximity to this study area. Severe folding and westward 
thrusting, vertical faultings and block movement along the eastern side of the Indo-
Myanmar Ranges can be seen in the large-scale displacement of ophiolite 
(Desikachar, 1974; Mitchell and McKerrow, 1975; Saikai et al., 1987; 
Brunschweiler, 1966; Acharyya et al., 1990; Bhattercharjee, 1991). Uddin and 
Lundberg (1998a) suggest that the Indo-Myanmar ranges to the east are more likely 
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Fig. 62. Plot of Eu/Eu* vs. (Gd/Yb), (McLennan and Taylor, 1991) for 
the Barail and the Surma sandstones and shales. The Disang 
sandstones (Thong and Rao, 2006), the Himalayan leucogranite 
(Devon et al., 1989), gneissic-granite, mica-schist and quartzite of 
Bomdila Lesser Himalaya (eastern Himalaya, Arunachal Pradesh, 
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Fig. 63. UCC-normalised multi-element patterns of the average concentra-
tions of the Barail and the Surma sandastones and shales, UCC (Taylor and 
McLennan, 1985) Lesser Himalaya Bomdila gneissic-granite, mica-schist 
quartzite (Rashid and Islam, 2008). 
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to have provided the volcanic and ophioHte components than the volcanic and 
ophiolite sources from the Himalayas as samples from the eastern are richer in these 
detritus. 
It is proposed that the Barail clastic rocks of the Barak basin received 
sediments from initial unroofing of the rising Himalaya and minor contribution from 
the Indo-Myanmar orogenic belts and craton. No strong evidence from geochemistry 
to support sediment contribution from the Trans-Himalayan Lohit plutonic complex 
of eastern Himalaya, which is the northward continuation of the Mogok belt of the 
Indo-Myanmar ranges (Gururajan and Choudhuri, 2007) is observed. During 
Oligocene time, the role of Indian craton to the west cannot be completely ruled out 
as source rock. Uddin and Lundberg (1989a) explained that the Barail sandstones of 
the Bengal basin have been derived from Indian craton, which acted as a potential 
source terrain, lying at the proximity to the west of Bengal basin compared to 
Himalayan source at great distance to the north at that time (Fig. 64). It is also 
mentioned that during Oligocene time, orogenic detritus from initial uplift of the 
eastern Himalaya orogen may have deposited more proximal ly to the orogen, such 
as Assam to northeast, and this is near the study area. This study also suggests that 
during Oligocene the Himalaya started to supply sediment to this Barak basin, which 
lies between the Himalaya and the Bengal basin. Rangarao (1983) suggested that the 
Barail Group of the Naga Hills is deltaic and showed a marine embayment. Barail 
sandstones on the northern margin of the Sylhet trough were most unlikely derived 
from the Indo-Myanmar ranges (as sediment needs to have been transported across 
the inferred marine embayment to reach there). Therefore, the Barail sediments were 
probably derived from northern and northwestern sources in incipient rising 
Himalayas (Johnson and Alam, 1991). The study area lies on the southwest of the 
Naga Hills and to the east of the Sylhet. 
The evidences suggest that the Surma sandstones and shales of the Barak 
basin, which was formed above the Indian craton, were predominantly derived from 
the rising eastern Himalaya with minor contribution from Indo-Myanmar orogenic 
belt. The faster uplift of Himalaya accelarated its erosion during Miocene and large 
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Ocean via the Gangatic delta into the Bay of Bengal and through the Indus delta to 
the Arabian Sea (Naqvi, 2005). Brunnschweiler (1966) and Mitchell (1993) 
suggested that the Indo-Myanmar range began to rise during Oligocene time. The 
Surma sandstones and shales are of granodiorite and granitic composition, which are 
the dominant rock types of the Himalaya. So, it is inferred that the Himalaya 
contributed large volume of sediments for these sandstones and shales during 
Miocene. 
The present study reveals that during Oligocene, the Himalaya began to 
supply sediments for the Barail sandstones and shales of the Barak basin. During 
this time the Indo-Myanmar ranges also initiated to rise to contribute minor 
sediments to this area. The Himalaya was already uplifted in Miocene time and 
acted as a dominant source region for this basin with minor contribution from the 
Indo-Myanmar ranges as proximate source. 
Paleo-Oxygenated Condition 
Uranium concentration of sediments is strongly controlled by oxidation 
condition (Barnes and Cochran, 1990). In oxic conditions, uranium is present in high 
concentrations as uranyl tricarbonate species, whereas in reducing condition U (VI) 
will be converted into U (IV) species, which can be easily removed from the 
seawater and precipitated onto particle surfaces (Barnes and Cochran, 1990; Nath et 
al., 1997). Low contents of U are generally found in sediments deposited in 
oxygenated conditions in marine environment (Somayajulu et al., 1994), whereas 
high U contents are found in sediments from the oxygen minimum zone (Barnes and 
Cochran, 1990; Somayajulu et al., 1994; Nath et al., 1997). 
Sandstones and shales of the studied samples contain of low U ranging from 
1 to 2 ppm. Furthermore, these sandstones and shales do not show much significant 
variation in U content. The ratio of uranium to thorium may be used as a redox 
indicator with U/Th ratio being higher in organic rich mudstones (Jones and 
Manning, 1994). U/Th ratios below 1.25 suggest oxic conditions of deposition, 
whereas values above 1.25 indicate suboxic and anoxic conditions (Nath et al., 
1997). The sandstones and shales of this study show low U/Th ratios (0.13-0.25 for 
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the Barail sandstones and 0.06-0.13 for the Barail shales; 0.13-0.22 for the Surma 
sandstones and 0.13-0.22 for the Surma shales), which indicate that these sediments 
were deposited in an oxic environment. 
The V/Cr ratio has also been used as an index of paleooxygenation in many 
studies (Bjorlykke, 1974; Dill, 1986). Cr is mainly incorporated in the detrital 
fraction of sediments and it may substitute for Al in the clay structure (Bjorlykke, 
1974). Vanadium may be bound to organic matter by the incorporation of V ^ into 
porphyrins, and is generally found in sediments deposited in reducing environments 
(Shaw et al., 1990). Ratios of V/Cr above 2 indicate anoxic conditions, whereas 
values below 2 suggest more oxidizing conditions (Jones and Manning, 1994). In the 
present study, the V/Cr ratios of all samples (sandstones and shales) vary between 
0.42 and 1.25, which imply that these sandstones and shales were deposited in an 
oxic depositional environment. 
Dypvik (1984) and Dill (1986) used the Ni/Co ratio as a redox indicator. 
Ni/Co ratios below 5 indicate oxic environments, whereas ratios above 5 suggest 
suboxic and anoxic environments (Jones and Manning, 1994). The sandstones and 
shales show low Ni/Co ratio (0.89-1.71 for the Barail sandstones and 1.40-4.30 for 
the Barail shales; 0.53 for the Barail sandstones and 1.77-2.58 for the Surma shales), 
which suggest that these sediments were deposited in a well oxygenated 
environment. In addition, the Cu/Zn ratio is also used as a redox parameter 
(Hallberg, 1976). According to Hallberg (1976) high Cu/Zn ratios indicate reducing 
depositional conditions, while low Cu/Zn ratios suggest oxidizing conditions. Thus, 
the low Cu/Zn ratios for the Barail sandstones (0.25-0.36), Barail shale (0.23-0.40), 
the Surma sandstones (0.24-0.30) and shales (0.25-0.42) indicate that these samples 
were deposited under well oxidizing conditions. From the above observation, it is 
suggested that the sandstones and the shales of the Barail and the Surma were 





Sedimentologists and geochemists have long endeavoured to pursue the 
relationship between sedimentary rock geochemistry and plate tectonics for 
recognizing ancient tectonic setting (Middleton 1960; Maynard et al., 1982; Bhatia, 
1983, 1985a, b; Roser and Korsch, 1985, 1986, 1988; Bhatia and Crook 1986; Floyd 
and Leveridge, 1987; Frost and Coombs, 1989; McLennan et al., 1990). Studies in 
the last decade have shown some complications when chemical composition is 
related to tectonic setting (Cullers et al., 1988; McLennan et al., 1990; van de Kamp 
and Leake, 1985). It has been observed that interaction of source and processes 
determined the compositions of sediments. 
The study area, which is a part of Barak basin, lies between two orogenic 
systems, the Indo- Myanmar orogenic belt and the Himalayas, which were uplifted 
as consequence of the collision of the India with Asia and Myanmar plate. The 
combination of the several numbers of the analytical approaches is necessarily 
needed to relate the composition and evolution of the source regions to plate tectonic 
setting of the less studied Barak basin and to understand the potential role of the 
collision of the India with Asia and the Myanmar plate in the development of this 
part of the orogenic belt during the Cenozoic Era. In this chapter, I present the 
tectonic setting and try to reconstruct evolutionary history of the Barak basin and 
adjoining areas from the petrographical and geochemical analysis of the Barail and 
the Surma clastic rocks of this basin and by comparing them to the available 
geochemical data with those of the Disang (Thong and Rao, 2006), the Disang-
Barail Transition sandstones (Srivastava and Pandey, 2004) from Naga Hills 
(l^agaland state, near the study area, Fig. 1) of the Indo-Myanmar range and the 
Himalayan granitoid and mica-schist (Devon et al., 1986; Dikshitulu and Raju, 
1997; Gururajan and Choudhuri, 2007; Rashid and Islam, 2008). 
Tectonic Setting 
The geochemistry of sedimentary rocks have been widely used to 
discriminate tectonic setting of the sedimentary basin (Bhatia, 1983, 1985a,b; Roser 
and Korsch, 1986; Floyed and Leveridge, 1987; McLennan and Taylor, 1991). 
120 
Abundances of rare earth elements (REE) and other elements (mainly Ti, Zr, Hf, Y, 
Sc, Nb, Ga, Th, U), or their ratios, are particularly promising in this context, and 
have been used to distinguish the tectonic setting of sedimentary basins (Bhatia and 
Taylor, 1981; Bhatia, 1985b). Discriminant analysis has been extensively used in 
geochemistry to discriminate between various tectonic environments and 
sedimentary provenances (Vital and Stattegger, 2000; Shao et al., 2001). 
Maynard et al. (1982) established a discrimination diagram using 
(SiOi/AhOs)- (K20/Na20) to determine different tectonic setting of modem 
terrigenous sedimentary rocks and defined four broad tectonic categories, i.e., 
passive margin (PM), active continental margin (ACM), Ai, arc basaltic and 
andesitic detritus and A2, evolved arc felsitic- plutonic detritus. In this diagram 
(Fig. 65), the Barail sandstone samples from the study area plot in the passive and 
active continental margin, whereas, all the Surma sandstone samples fall in the 
active continental margin, except for one sample. However, the shale samples plot 
in the active continental margin and evolved arc felsitic plutonic detritus. 
Discrimination of tectonic settings on the basis of major-element data also was 
proposed by Bhatia (1983); it includes oceanic island arc, continental island arc, 
active continental margin, and passive margin. The Barail sandstone samples fall in 
the field of passive margin and active continental margin, and most of the shale 
samples plot close to passive field of K20/Na20 vs. Fe203 (t) +MgO diagram 
(Fig. 66), whereas, most of the Surma sandstone samples lie within the active 
continental margin and close to passive and active continental margin field. The 
shale samples plot outside but close to the passive and active continental margin, 
probably due to its relative higher content of Fe203 (t) + MgO compared to 
sandstones samples. It should be emphasized, however, that since Na20 and CaO are 
the most mobile components among major elements, sedimentary processes such as 
weathering, diagenesis and metamorphism might readily cause some change. For 
instance, in most basins Na20 and CaO are depleted, and Si02 is enriched in 
sandstone compared with the source rock composifions (Bhatia, 1983). Therefore, 
the use of K20/Na20 and AI2O3/ (CaO +Na20) rafio to discriminate tectonic setting 
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Fig. 66. FeAftl+MgOvs KfilUafi diagram (Bhatia, 
1983) showing the distribution of the Barail and the 
Surma sandstones and shales. PM, Passive margin; 
ACM, Active Continental Margin; CIA, Continental 
Island Arc; OIA, Oceanic Island Arc 
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Discriminant function analysis has been used extensively to investigate the chemical 
composition and also to discriminate between various tectonic environments and 
sedimentary provenances. Using major oxides ratio as variables, a discriminant 
function diagram has been proposed by Roser and Korsch (1988) to distinguish 
between sediments whose provenance is mafic, intermediate, felsic igneous and 
quartzose sedimentary rock. The discriminant functions are as follows: Discriminant 
1 = 30.638 Ti02/Al203 - 12.541 FejOj (t) /AI2O3 + 7.329 MgO/Al203+12.031 
Na20/Al203 + 35.402 K2O/AI2O3 - 6.382; Discriminant 2 = 56.500 Ti02/Al203 -
10.879 Fe203 (t) /AI2O3 + 30.875 MgO/Al2O3-5.404 Na20/Al203 + 11.112 
K2O/AI2O3 - 3.89 Most of samples plot in P4 field in this diagram (Fig. 67), 
indicating recycled orogenic terrain (granite-gneissic or quartzose sedimentary 
provenance source area) with a few in intermediate igneous provenance. This 
corroborates the petrographic and other major and trace element result. However, 
recycled sediments and those from a mixed source are much more difficult to 
interpret. 
Bhatia and Crook (1986) developed a series of discriminant diagrams based 
on trace element ratios to allow distinction between oceanic island arc, continental 
island arc, active continental margin and passive continental margin environments of 
deposition. On the La-Th-Sc discrimination diagram (Fig. 68), the sandstone 
samples plot in the field of the passive and active continental margin, except for one 
sample which plots outside this field. However, the most of shale samples plot in the 
field of the continental island arc. The Barail sandstone samples plot within passive 
margin and the Surma sandstone samples plot within and close to passive and active 
continental margin, whereas, the most of the shale samples plot close to active 
confinental margin on the Th-Sc -Zr/10 diagram (Fig. 69). Fine-grained sediments 
might represent much larger areas of source rocks than the more coarse sandstones. 
The provenance signature always does not necessarily reflect the true depositional 
setfing, but inherits the original source signature. In summary, the overall 
geochemical characteristics of the clastic rocks studied here suggest that they are 
deposited in the tectonic setting transitional between passive and active continental 
margin. The assumption of geochemical discrimination diagrams for sedimentary 
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Fig. 67. Provenance discriminant function diagram for the Barail and the 
Surma sandstones and the shales using major element ratios after Roser 
and Korsch (1988). 
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La A Barail Sandstone A Barail Shale 
• Surma Sandstone 
o Surma Shale 
Th Sc 
Fig. 68.Tectonic discrimination plots of La-Th-Sc diagram 
from Bhatia and Crook (1986). Fields are: A, oceanic island 
arc; B, continental island arc; C, passive and active con-
tinental margin. 
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A Baraii Sandstone 
A Baraii Shale 
• Surma Sandstone 
o Surma Shale 
Sc Zr/10 
Fig. 69.Tectonic discrimination plots of Th -Sc-Zr/10 ternai 
diagram (Bhatia and Crook,1986) for the Baraii and th( 
Surma sandstones and shales. Field are : A, oceanic 
island arc; B, continental island arc; C, active continental 
margin; D, passive margin. 
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is largely true with immature sediments containing a significant volume of lithic 
fragments from which provenance and hence tectonic setting may be identified. 
More variable lithic fragments from petrographic study and the scattered samples in 
most discriminant diagram of provenance and tectonic setting indicate more 
complex assemblage of source rocks. 
Tectonic Evolutionary Model 
Sandstones and shales from the Oligocene Barail and the Surma Group of the 
study area are interpreted to be derived dominantly from the quartzose to lithic 
recycled sedimentary rocks distributed in an orogenic highland that formed during 
fold-thrust processes at a collisional suture. However, the Barail Group shows 
minor but more complex and mix source rock. In the light of the lack of 
geochemical data for the clastic rocks of the Barak basin, the present study will be 
helpful to elucidate the provenance and tectonic evolution of this area. Efforts have 
also been made to compare the geochemical data of possible source rocks from 
adjoining areas so as to better constrain the provenance for the clastic rocks of Barak 
basin. 
Marker's variation diagram (Harker, 1909) shows that the Barail and Surma 
sandstones and shales of the study area were derived from more or less similar 
source, whereas, Disang sandstones were derived from different source (Fig. 30). 
Compositional difference exists between the Barail and the Surma sandstones and 
shales, and the Disang, the Disang-Barail Transition sandstones from the adjoining 
Naga-Hill of Indo-Myanmar ranges. A-CN-K diagram (Fig. 45) shows that Disang 
sandstones have received sediments from less weathered through moderate 
weathered to intense weathered tonalitic source, whereas, the Barail received 
sediments from weathered granodiorite source. SAM diagram (Roser and Korsch, 
1999) also indicates that Disang has more mafic concentration, whereas, the Barail 
and the Surma are very much close to granodiorite and granite composition 
(Fig. 47). On the TiOj vs AI2O3 diagram (McLennan et al., 1980; Schieber, 1992) 
(Fig. 56), the Disang sandstones plot between the mafic and granite-mafic mixing 
components. On the Fe203 (t)-K20-Al203 diagram (Wronkiewicz and Condie, 1989) 
the Disang sandstone samples mostly plot near tonalite to tholeiite and the Barail to 
128 
AI2O3 - rich source (Fig. 46). CaO-Na20-K20 and CaO- MgO-AbOs (Arora et al., 
1994) diagram strongly confirm the overall multicomponent mixing of basaltic-
greenstone-tonalite with minor granite to granodiorite source rock for Disang 
sandstones and more close to granodiorite to granite source for Barail and Surma 
sandstones and shales (Fig. 70). This suggests predominant felsic source for the 
Barail and the Surma sandstones and shales. 
ICV of the Disang-Barail transition sandstones of Naga Hills (Nagaland, 
Srivastava and Pandey, 2004) is less than one, which suggests recycled or intensely 
weathered firstly cycle sediment. Srivastava and Pandey, (2004), however, opined 
that these sediments, with average CIA value of 70, were most likely derived from 
matured and recycled sources. The Disang sandstones (Thong and Rao, 2006) have 
ICV values ranging from 0.6 to 1.7 indicating contribution from first cycle materials 
with the mature sediments and deposited in passive margin, while, the Barail and the 
Surma clastic rocks are considered to have been derived from the collisional suture 
belt. On Fe203 (t) +MgO-Na20-K20 (Blatt et al., 1980), the Disang sandstones plot 
close to ferromagnesian potassic craton margin, whereas, the Disang-Barail 
transition sandstones fall on rifted potassic craton interior and most of the Barail and 
the Surma samples are plot in ferromagnesian potassic craton with a few in sodic 
greywacke field (Fig. 71). These also suggest that there was ferromagnesian potassic 
craton source for Disang and potassic craton for the Disang-Barail Transition 
sandstones and both ferromagnesian potassic and the sodic source for the Barail and 
Surma sandstones and shales of the study area. 
REE patterns of the Barail and the Surma clastic rocks and the Disang are 
different indicating the different source and in turn suggest that sediments from the 
Disang were not supplied to this basin during Oligocene and Miocene. Most of the 
Barail and the Surma sandstones and shales suggest that they were derived from less 
HREE-depleted Archean or Post- rchean source or combination of both. On Cr-Ni 
(Fig. 72) diagram, these samples plot in Post- rchean field and the Late Archean 
fields, near the Post Archean shales (PAAS and NASC) field (McLennan et al., 
1983; Taylor and McLennan, 1985). The (Gd/YbjN ratio, which is greater than five 
for the Disang, indicates highly depleted HREE sediments. On the Eu/Eu*-
(Gd/Yb)N diagram, the Barail and the Surma sandstones of the study area plot close 
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• Baraii Sandstone 
A Baraii Shale 
• Surma Sandstone 
() Surma Shale 
• Disang Sandstone 
i Disang-Barali Transition 
Sandstone 
CaO Granite, Quartz monzonite Al,0 2 ^ 3 
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Fig.70. CaO-NajO-KjO and CaO-MgO-AIA diagram (Arora et al., 1994) showing 
the composition of the Baraii and the Surma sandstones and shales of the study 
area.The Disang sandstones (Thong and Rao, 2006) and the Disang-Barail 
Transition sandstones (Srinivastava and Pandey, 2004) of the Naga Hills of the 
Indo - Myanmar ranges are also shown. 
4 Barail Sandstone 
A Barail Shale 
• Surma Sandstone 
Surma Shale 
• Disang Sandstone 
i Disang-Barail Transition 
Sandstones 
Fe.Ojit) + MgO 
Na,0 K,0 
Fig. 71. FeAitl+MgO-NaAKaO diagram (Blatt et al., 1980). 
Fields: 1, Ferromagnesian potassic sandstone, clastic wedge 
at craton margin; 2, Sodic sandstones, greywacke from 
eugeosyncline; 3, Potassic sandstone, structural depression 
of the craton interior. 
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Fig. 72. Distribution of Ni and Cr in the Barail and the 
Surma sandstones and shales. Fields are after Taylor 
and McLennan (1985). 
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to granite-gneiss and mica-schist of eastern Himalaya than the Indo-Myanmar 
ranges indicating that the Himalaya could have been the dominant source rock for 
these sandstones, although, scattering of Barail samples may indicate mixing 
(Fig. 63). Furthermore, (Gd/Yb)N ratios and REE patterns suggest that Disang 
sandstones were derived from highly HREE depleted and strongly REE fractionated 
Archean source rock. To trace out source area of such nature of composition of 
Disang sandstones that deposited during Eocene, I compare the REE pattern of 
Disang sandstones with the available REE data of Trans-Himalayan plutonic 
complex (Cretaceous and Tertiary, Honegger et al., 1982) that are exposed in eastern 
Himalayan and show different REE patterns (Fig. 73). There is no strong evidence to 
show that these sediments were contributed from the plutonic complex whose 
genesis is related to subduction of Neo-Tethys oceanic lithosphere beneath the 
Eurasian plate during Upper Cretaceous and Tertiary (Honegger et al., 1982). 
On the Si02/Al203- K20/Na20 diagram (Maynard et al., 1982) the Barail 
sandstone samples plot in the passive continental margin and the Surma sandstones 
plot in the active continental margin (Fig. 65). Most of the Disang sandstones fall in 
the passive margin and the Disang-Barail transition sandstones plot in passive and 
active continental margin (Fig. 65). The Disang and the Disang-Barail transition 
sandstones fall close to passive margin on Fe203 + MgO vs. K20/Na20 diagram 
(Bhatia, 1983) (Fig. 66). Thus, based on geochemical study a change in tectonic 
setting and tectonic evolution from Eocene to Miocene through Oligacene time can 
be suggested for the study area and its adjoining areas. Bhattercharjee (1991) 
suggested that the Disang sediments were deposited at the margin of the easterly 
subducting Indian plate. In the light of multicomponent source with highly HREE 
depletion and of possible Precambrian age and different from the rock assemblage of 
Trans-Himalayan plutonic complex, it is strongly suggested that the Disang 
sediments were derived from Indian craton to west where such rock assemblages of 
Precambrian age were well exposed. The Chhotanagpur Gneiss Complex (CGC) and 
Mahakoshal Group of metasediments on the west of the study area may have likely 
contributed sediments for the Disang rocks. Most of these granites and granite 
gneisses are of granodiorite to tonalite composition (Nair et al., 1995). The 
Mahakoshal Group comprises of metamorphosed mafic rocks at its base and felsic 
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Fig. 73. Chondrite- normalised REE patterns of the average 
Disang sandstones and Trans-Himalayan plutonic complex 
(Gururajan and Choudhurl, 2007) for comparison. 
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igneous rocks towards the top. The Chhotanagpur Gneiss consists of gneisses, 
granites and granodiorites with enclaves of tonalitic gneisses and ultramafic rocks 
(Singh, 2001). These different rock types seem to be similar with the rock 
composition in the Disang sandstones. The Barail rocks show multiple assemblages 
of source rock and complex tectonic setting, which is consistent with the previous 
studies that suggest that the major phase of folding occurred during the late 
Oligocene- early Miocene (Brunnschweiler, 1966; Mitchell and McKerrow, 1975). 
Thus, in light of all the data, it is proposed that tectonic setting of the Barak basin 
where the Barail and the Surma sandstones and shales were deposited and adjoining 
area of Naga Hills (Nagaland state) where the Disang and the Barail are exposed 
records a complex tectonic evolution from passive to an active continental margin, 
which is consistent with the general geology of the Indo-Myanmar orogenic belt and 
associated basin. 
Based on the above discussion that the sediments have been predominantly 
derived from the orogenic belt with negligible volcanic and ophiolite component, it 
is suggested that the Barail and the Surma sandstones and shales were deposited 
during the early stage of the Indo-Myanmar uplift. Evidence for much volcanic input 
associated with subduction and ophiolite development is not present in this basin. 
This may indicate that a continental or island arc was not developed to that stage to 
shed sediments to this basin. The other possibility could be that sediment derivation 
from the volcanic sources was impeded by topography within the accretionary 
prism. As the subduction continued, the intervening ocean was consumed as an 
accretionary prism, which may have developed from sedimentary rocks that were 
originally deposited along the passive margin. The accretionary prism probably 
prevented arc-derived material from entering this basin. If this possibility is accepted 
then the present study based on petrography and geochemistry of clastic rocks, 
favors the interpretation of the Indo-Myanmar ranges as an accretionary prism 
complex. However, this study suggest that much sediment were not contributed to 
this basin from the Indo-Myanmar ranges, which in turn suggest that fast uplift and 




DISSCUSSION AND CONCLUSIONS 
DISSCUSSION AND CONCLUSIONS 
Disscussion 
Petrologic and geochemical data from the Barak basin provide constraints on 
both the composition of potential source rocks and the effects of sedimentary 
sorting, and recycHng. In combination with knowledge of the regional geology, the 
data set allows us to decipher the provenance of the Barak basin fill sediments and 
its tectonic implications from the Oligocene to the Miocene time on the basis of 
petrologic and geochemical composition of clastic rocks from these two 
stratigraphic successions. The geochemical composition of the clastic rocks of the 
Oligocene Barail and the Miocene Surma clastic rocks does not show much 
significant differences suggesting the overall similarity in source rocks, and 
weathering and transportation processes prior to deposition. 
The study area is bounded by two well known collision erogenic belts, the 
Himalayas and the Indo-Myanmar ranges. The petrographic study and the chemical 
composition of the Barail clastic rocks suggest slightly more composite source rock 
types and source areas than the Surma clastic rocks which are predominantly derived 
fi-om the collisional suture and fold thrust belts. This result is well consistent with 
the general orogenic evolutionary activity of the Himalayas and the Indo-Myanmar 
ranges related to tectonic sediment fill. Result from our study of sandstones and 
shales deposited in the Barak basin indicates the orogenic sediment contribution 
from the eastern Himalaya initiated during Oligocene-Early Miocene. Study area, 
which lies between the Himalayas and the Bengal basin, is very little known from 
petrographic and geochemistry point of view. Hodges et al. (1994) suggest that 
orogenic activity began in the eastern Himalaya by Oligocene time, as indicated by 
radiometric dating of metamorphic rocks, and migrated southward related to Indian 
crust. Bulk of deltaic accumulation migrated from Assam in Oligocene to 
Bangladesh since early Miocene time (Uddin and Lundberg, 1998). Rao (1983) also 
reports thick Oligocene sequences from Assam, northeast India. Presence of the 
chert, volcanic lithic fragments, though negligible, and minor contribution from 
ophiolite suggest derivation from the Indo-Myanmar ranges. The eastern side of the 
Indo-Myanmar ranges experienced severe folding and westward thrusting, vertical 
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faulting and block movement (Desikachar, 1974; Mitchell and McKerrow, 1974; 
Saikai et al., 1987) with large-scale displacement of ophiolite (Brunnschweiler, 
1966; Acharyya et al., 1990; Bhattarcharjee, 1991) during the Oligocene-Early 
Miocene. So, it is considered that the tectonic activity at this time in both the eastern 
Himalaya and the Indo-Myanmar Ranges influences the basin sediment fill. 
Some Barail sandstones samples contain dominant sub-rounded and coarse 
quartz grains with distinct overgrowth and suggest to have received sediments from 
the craton. During Oligocene time, the role of Indian craton to the west cannot be 
completely ruled out as source rock in light of the great distance of the Himalaya at 
that time, especially compared with the proximity of the Indian craton, which was 
also a potential source terrane at that time. Eocene and Oligocene sandstones of the 
Bengal basin is derived from the Indian craton to the west as the Himalayan source 
seems unlikely for the Eocene-Oligocene deposits of the Bengal basin. During 
Eocene and Oligocene time, the Himalaya must have been more than 1500 km to the 
north of the Bengal basin (Le Fort, 1996), across an intervening region, within 
which study area lies. 
The Miocene Surma clastic rocks dominantly derived from the eastern 
Himalaya with minor sediments contribution from the nearby Indo-Myanmar ranges 
and thus, preserve a clear record of unroofing of these orogenic belts. The source 
rocks from which these clastic rocks were derived have been dominated by 
supracrustal rocks, producing detritus rich in monocr/stalline quartz and 
sedimentary to low-grade metamorphic lithic fragments. Our study, on the basis of 
comparison between geochemistry of the clastic rocks of the study area with 
different lithounits of the Himalaya and the Indo-Myanmar ranges clearly indicates 
that these supracrustal sources were dominantly Lesser Himalaya sedimentary and 
metasedimentary rocks that were thrust southward along the Main Boundary Thrust 
(MBT) (Mascle et al., 1986). The Indo-Myanmar ranges to the immediate east, 
eventhough, comprising dominantly of sedimentary rocks did not appear to shed 
large input ofsediments, as indicated by REE comparisons study between the the 
Barail and Surma sandstones from the Barak basin and the Disang sandstones of 
Naga Hills. Sediments derived from plutonic rocks, though present in minor amount, 
might have been derived from the leuco-granite of Lesser Himalaya in the 
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northwest. This was not likely from the Indo-Myanmar ranges, because there is no 
granite terrane just immediate in the Indo-Myanmar ranges, although, it is present to 
eastern side of the Indo-Myanmar ranges. But it could not reach the basin passing 
the sedimentary rocks exposed just proximate to the basin, as much input of these 
sedimentary rocks did not appear. 
During the deposition of the Barail and the Surma clastic rocks, sedimentary 
and metasedimentary rocks of the Lesser Himalaya were the dominant source rocks 
for this basin. However, the erosion of sediments was more intense during the 
deposition of the Miocene Surma rocks. Along with the assessment of the source-
rock region, this study also attempts to display the variation in tectonic setting 
during the deposition the Barail and the Surma clastic rocks in the Barak basin, and 
the tectonic setting during the deposition of Disang sandstones (Thong and Rao, 
2006) and the Disang-Barail transition sandstones (Srivastava and Pandey, 2004) 
which formed the important lithounits of the Indo-Myiinmar. As we lack 
geochemical data on detrital sediments from the Indo-Myanmar orogenic belt, a 
comparison of our data set is made against the available Disang and Disang-Barail 
transition sandstones from nearby area in the Naga Hills (Nagaland, Fig. 1) of the 
Indo-Myanmar ranges to throw light on the tectonic evolution of the Indo-Myanmar 
Orogenic belt. The tectonic and structural development of the Indo-Myanmar region 
is more readily explained by accretionary prism formation. Convergence since Late 
Miocene time has obducted the accretionary prism onto the Indian continental 
margin and has formed the modem Indo-Myanmar ranges (Ni et al., 1989). The 
identification of major individual lithounits would be of vital significant to 
determine the chronological order of the rock strata, since it is well known that the 
complex as a whole youngs towards the west. Both modal and chemical approaches 
can reveal significant variations in the composition of different lithounits and hence, 
can record the progressive chemical evolution of accretionary wedge. From this 
study, the Surma sandstones is suggested to have been deposited in the active 
continental margin and the Barail sandstones, deposited in a transitional tectonic 
setting from passive to active continental margin, whereas, the Disang and the 
Disang- Barail Transitional sandstones (Thong and Rao, 2006; Srivastava and 
Pandey, 2004) were deposited in the passive margin. The Disang sandstones were 
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considered to have been derived from Indian craton to west on the basis of chemical 
composition and in the Hght of the location of deposition at the easterly subducting 
Indian Plate. This study support the general concept that the Barak basin is a 
molasse basin fill with the molasse sediments i.e. the Surma sediments and the 
Barail rocks represent the subflych sediment, whereas Disang sandstones of the 
Naga Hills are the flysch sediments. 
Conclusions 
Consistent interpretations were obtained from sandstone petrography and 
geochemistry of sandstones and shales of Oligocene Barail and the Miocene Surma 
Group of rocks from the study area in western Manipur, which is a part of Barak 
basin. The CIA, CIW and PIA values indicates moderate to high weathering 
condition during this time. The A-CN-K, FeiO} (t)-K20-Al203 and SAM triangular 
plots are in agreement with the above data. Humid and semi-humid climatic 
condition prevailed during the deposition of the Barail and the Surma clastic rocks. 
The Barail and the Surma sandstones and shales were derived from the complex 
assemblage of sedimentary and metasedimentary rocks with contribution from 
gneissic-granite, mafic and volcanic rocks. Abundant sedimentary lithgic fragments 
in sandstones than plutonic and volcanic lithic fragments, ICV values, Ti02-Ni plots 
and the rare earth element ratios suggest sediment derivation from a source terrane 
dominated by recycled sedimentary material. This study suggests humid and semi-
humid tropical climate in the source area shedding detritus during rapidly uplifting 
Himalaya. The lesser eastern Himalaya was the dominant and continuously eroding 
source area for the Barak basin from Oligocene to Miocene time. The Barail Group 
received minor sediments from the Indian craton and the Indo-Myanmar ranges. 
Faster uplift and large erosion of the Lesser Himalaya contributed huge volume of 
sediments to the Surma sandstones and shales with minor sediments derived from 
the Indo-Myanmar ranges as proximal source. The present study can be used to 
constrain that during Oligocene, the eastern Himalaya initiated to supply sediments 
for the Barak basin, which lies between the Himalaya and the Bengal basin. 
The Barail and the Surma sandstones and shales were deposited in similar 
paleo-oxygenated condition. The UCC normalized REE patterns are similar for the 
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sandstones and shales with overall similar major and trace composition, except 
AI2O3 content which is slightly higher in shales as expected. These features reflect 
that mixing of sediments has been efficient in the basin. Overall sandstones detritus 
modes and tectonic discriminant diagram of the clastic rocks indicate a recycled 
orogen provenance composed of quartzose and lithic sedimentary rocks with minor 
contribution from the felsitic plutonic and volcanic rocks and were deposited in a 
transition setting from passive continental margin to the active continental margin 
for the Barail clastic rocks and active continental margin for the Surma clastic rocks. 
Petrologic and chemical composition of the Surma and Barail sandstones from the 
study area and Disang and the Disang-Barail Transition sandstones from the nearby 
area record a complex tectonic evolution from passive to an active continental 
margin, which is consistent with the general geology of the Indo-Myanmar orogenic 
belt and associated basin. 
It is proposed that the Barail and the Surma sandstones and shales were 
deposited during the early stage of the Indo-Myanmar uplift with negligible volcanic 
and ophiolite composition, indicating that sediment derivation from the volcanic 
sources was impeded by topography within the accretionary prism. As the 
subduction continued, the intervening ocean was consumed as an accretionary 
prism, which may have developed from sedimentary rocks that were originally 
deposited along the passive margin. The accretionary prism probably prevented arc-
derived material from entering this basin. The present study based on petrography 
and geochemistry of clastic rocks favors the interpretation that the Indo-Myanmar 
ranges are accretionary prism complex. However, this study suggest that much 
sediments were not contributed to this basin from the Indo-Myanmar ranges, which 
in turn suggest that fast uplift and large erosion of the sedimentary rocks immediate 
to the basin did not start till Miocene during the deposition of Surma sandstones and 
shales. Amongst many factors, tectonic activity has been the dominant factor 
controlling the nature and composition of the sandstones of the Barak basin. 
Our study from the Barak basin shows that the orogenic evolutionary history 
is well documented in clastic sediments of the adjacent Barak basin. Combined 
petrologic and geochemical data of the clastic rocks compositions can be used to 
decipher the tectonic evolution of this region and to reveal the effects of tectonic 
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events on the northeast margin of India. Thus, this study elucidates that modal and 
geochemical signatures of the Barail and the Surma clastic rocks can be used as a 
reliable proxy to delineate source rock composition, source area weathering, 
provenance, tectonic setting and tectonic evolutionary history of the Barak basin 
















































































































































































































































































































































































































































Major and trace element data of the the Surma sandstones and shales of the Barak basin 
Sp. No. Sandstones 
KSrg—NB-2 KD-6 NK-13 ON-lfl CG-1 SKH-1 NB-3 
Shales 























































































































































































































































































































































































































































































































































































































































































































































































































































































K2O 1.5 0.94 1.09 0.61 1.33 1.43 0.97 1.26 0.92 1 
P2O5 0.12 0.07 0.12 0.05 0.07 0.05 0.07 0.06 0.05 0.16 

































































































































































































































































































Hinrialayan Granite: data from Devon et al. (1986) 












Bomdila Mica-schist, Quartzite and Gniessic- granite: data from Rashid and Islam (2008). 
Chondrite normalised (average) 
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Abstract: Sandstones of sub-flysch Oligocene Barail Group and molasse Miocene Surma Group ofihe Surma-Barak 
basin (Manipur, India), developed with uplift of the Himalaya and the Indo-Burma range, arc fmc to medium grained 
and have high quartz and lithic contents relative to feldspar. Barail Group of sandstone is moderately mature both in 
terms of texture and composition, whereas Surma Group of sandstone is immature lexturaliy and compositionally. Barail 
and Surma sandstones arc sublitharcnite and lilharenite. The provenance of sandstone of the Barail Group is "quartzose 
recycled orogen" and "cratonic interior", whereas (hat of the Surma Group is "quartzose recycled orogcn" and "transitional 
recycled orogen". The detritus of sandstone arc mostly derived from collision-suture fold bell. Diverse lithic fragments 
of shale, siltstone, slate, chert, phyllite, quartzite and quartz-mica schist with few plutonic and volcanic igneous rocks 
suggest thcirdenvation from a complex assemblage of sedimentary, mctasedimentary and low - medium grade metamoqihic 
souice with minor plutonic and volcanic rock contribution. Petrographic studies also suggest the prevalence of humid 
and iKmi-humid climate for Barail and Surma sandstone. Modal plots on the QpLvmLms and LmLvLs diagram indicate 
that the Barail and the Surma sandstones were derived from the Collision suture and Fold Thrust belt source. Tectonic 
activity is the dominant factor controlling the nature and composition of the sandstone of this Surma-Barak basin. 
Keywords: Surma-Barak Basin: Indo-Bumut; Provenance evolution, Petrographic analysis; Barail and Surma sandstone. 
INTRODUCTION 
The Iivdo-Burma (Myanmar) region is a complex tectonic 
area where major tectonic and subduction events have been 
identified from Late Cretaceous to Mid-Miocene and 
Quaternary (Mitchell, 1993). The collision of India with Asia 
and Burma lead to the uplift of the Himalayas and Indo-
Burma range with development of several molasse basins. 
The Surma luisin and-its northeast extension, the Surma-
Barak (Barak) basin in Manipur, India represents a molasse 
ba<;in of this orogenic system (Fig. I.) The Surma-Barak basin 
is bounded by the Precambrian Shillong plateau to the 
northwest, the Barail Range just to the north, the Himalayas 
to the distant north while Tripura Fold Bell bounds it to the 
south. The Surma-Barak basin lies near the Barail-Manipur 
ridge of Indo-Burma range, which bounds the Surma Basin 
in the cast and on the west the basin craduaily rises to the 
hinge zone and passes into the Bengal forcdccp in the 
southwest (Acharyya. 1997). 
The study area lying in different parts of in and around 
Tamcnglong, western Manipur, India belongs to Surma-
Barak basin (known as Barak basin in Manipur) which is 
encompassed between two major tectonic elements viz. 
the Himalayas and the Indo-Burma ranges. This study will, 
thus, provide petrographic information on the sandstones 
from this basin to throw light on the provenance, depositional 
environment and the tectonic setting of the basin as well 
as the tectonic evolution of the mountain belts. 
GEOLOGICAL AND TECTONIC SETTING 
The entire Indo-Burma ranges representing an 
accictionary prism, consists of the Naga Hills, the Chin Hills 
and Arakan-Yoma fold bell. The Naga Hills, comprising 
principally of Naga-Palkai Hills and the northern pan of 
Manipur Hills, terminate against the continental mass of the 
Mishmi Hills at northernmost segment and toward the 
west it is juxtaposed against the -Shillong-Mikir mas.sif 
(lndianshield)andTcrtiaryscirscdimentsofAs.sam Basin. 
Folded an4 faulted thick deposits of monotonous llysch 
sediments known as Disang (early Cretaceous to Eocene) 
0()lf.-7f,22/2(IOR-7l-4 4.V)/$ I (K) O OCOL. SOC. INDIA 
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Fig. I. Regional tectonic trap of the study area and its adjoining 
areas {after Udtfin and Lundbcig. 1998a. b). 
and sandy subflysch Barail (Eoccrie to Oligoccnc) occupies 
the western part of Naga Hills. The Disang Group is 
composed of thick, pooriy fossiliferous, tightly folded and 
thrust zones of turbidites flysch, and pelagic sediments with 
ophiolite (Evans and Mathur. 1964; Brunnschweiler. 1966). 
This folded young Disang sequence are overthrusted by an 
assemblage of quartzite. schist, gneiss-granite known as the 
Naga Metamorphic complex of possible Proterozoic age 
(Acharyya, 1986; Acharyya and Ghosh, 1986) and occur 
along the eastern margin of IBR (Indo-Burma Range). 
Folded Neogene molasse sediments comprises of folded belt 
of the Surma valley, Tripura-Mizo Hills, western Manipur, 
Chtttagong tracts and coastal Myanmar, collectively called 
the Surma basin (Dasgupta, 1984) exposed to the west of 
Naga-Chin Hills. ThcSunna Group is divided into Bhuban 
Formation and Bokabil Formation. 
The study area, Surma-Barak basin, on the western part 
of Manipur, consists of well exposed outcrops of the Barail 
and the Surma groups with younger Tipam Formation. The 
Barail Group consists dominantly of massive to thickly 
bedded sandstone with siltstoneand minor dark grey to khaki 
green thinly bedded shale. The basal unit of Surma Group 
unconformably overlies the Barails and is exposed largely 
in the Surma-Barak basin and is characterized mainly by 
cross laminated, grey mi^ caooous sandstone, sandy shale, 
siltstone, sandy siltstone, silty shale, shale, conglomerate 
and thin coal streaks at places. The Bokabil Formation 
unconformably overlies the Bhubon Formation and consists 
of mudstone, shale, silty shale, sandy shale with massive 
and coarse grained sandstone. The Tipam Formation 
consists of massive to thick bedded sandstone with shale. 
The Barail and the Sunna sandstones were deposited during 
the different stage of Himalayan orogeny. The movements 





Fig.2. Geological map of (he Surma-Barak (Barak) basin in and around Tamcnglong, slwwing (he sample location (Chingkhci, 2002). 
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regression of Disang Sea and deposition of continental 
facics- the Barail Group, which (enninated with uplift in 
Late Oligocene. After a short break, the sedimentation 
was resumed with a marine Iratlsgression during lower 
Miocene and the Surma Group was deposited over eroded 
surface of the Barail Group (Gopcndra Kumar, 1997). 
METHODS AND SAMPLING 
Rock samples consisting of conglomerate, sandstone, 
siltstone and shale were collected from both Surma and 
Barail groups from different parts in and around 
Tamcnglorig, Surma-Barak basin, Manipur. Pctrographic 
studies have been carried out under thin sections. Modal 
analysis was carried following Gazzi-Diddnson (Dickinson, 
1970; Ingersoll et al. 1984) point-counting methods. In 
general about 500 points were counted for each thin 
section. However, more than 500 points were counted for 
thin sections containing diverse lithic fragments. Fine 
sandstones with clay matrix and ferruginous cement were 
not included for modaJ analysts. Ail the framework grains 
e.g. quartz, feldspar and lithic fragments, regardless of the 
degree of alteration or rephcement were counted as the 
original grain type if they were identified <m the basis of 
remnant boundary and texture. The thin sections were not 
stained because of its lithic fragment abundance. The 
recalculated values (Table 1 and Table 2) are plotted for 
sandstone classification after Folk (1980) and on other 
ternary diagrams of Dickinson and Suczdc(1979), Dickinson 
et al. (1983) and Ingersoll and Suczek (1979) for provenance 
analysis. 
PETROGRAPHIC ANALYSIS 
The Barail sandstone is characterized by the abutidance 
of dominant monocrystalline quartz and lithic fifagments 
relative to less feldspar. The sandstone is mostly fine to 
medium grained. Most of the medium grains are sub-rounded 
to rounded, sub-equant to equant, whereas most of the fine 
and very fine grained materials arc sub-angular and sub-
equant. There is no compelling textural evidence to indicate 
that roundness may be due to alteration or replacement. 
Although the monocrystalline quartz is more prevalent, 
polycrystallincquartz and inhaited overgcowths grains are 
more conspicuous in more quartzose sandstones. 
Polycrystallinc quartz grains arc characterized by sutured 
contact and some have elongate contact. Plagioclasc and 
microcline grains have sizes comparable to medium 
grained quartz. Strain lamellae typically occurring in 
monocrycrallinc quartz is observed in some samples. 
Ttabic 1. RecakuUted sandstone grain parameters used in this study (after 
Folk. 1980: Diddnsoo and Suczek. 1979; Ingersoll and Suczek, 




Q=ToUl quartz griiMQaHQp) where: 
Qnv:4nanocryjunine quartz. 
Qp=fiolycrystalliiie quartz. 
F=TaUl ibldspar(P-fK) where: 
Ps^plagiociase 
K=kfclds|>ar 
R=Tb(al rock ftagmeats including chert 
Qts'lbol quam gnuns (Qro+Qr) where: 
Qin=mooQcrystaUine quartz. 
Qp=paII>crystalEiK quartz grain, including chert 
F= Tool feldspar. 
L= Total lithic (ragmenls 
Qm=fnooocystalline quartz 
B : Total feldspar. 
Lt=Taod Klhic iiragments +polycystalline quartz(Qp). 
QpLvLs 
Qp={|>olyciystaIGDe quartz. 
Lv=Tocal voicaoic aod metavolcanic lithic fragments. 
Ls= Total Sedimeoiaiy and metasediriKnlaty lithic fragments 
QpLvmLsm 
Qp=polyaystai6iie quartz. 
Lvnt=Toial voicaoic and metavolcanic lithic fragments 
Lsm^Ibiai seJmrntary and metasedimcntary lithic fragments 
LiaLvLs 
Lm^Toial inetaniocpluc Gthic fragments. 
Lv=TataI vokaoic Gtfaic fragments, 
L4='TbtaI.Se(fiinentaiy Ctfaic fragments. 
Qp/(M() and (MP+R) 




R=TcitaI rock fiagmeots 
Hematite staining is prominent and Barail sandstones are 
cemented with siliceous and ferruginous matters. Matrix 
(average of 1.13, standard deviation of 1.34 for the Barail 
sandstone; average of 1.77, standard deviation of 1.59 for 
Surma sandstones), which was formed by alteration of mafic 
minerals, lithic fragments and feldspars, is also present. 
Lithic fragments are chert, shale, slate, phyllite, quartzite, 
quartz-mica tectonite and mica-schist with a few granite and 
gneiss fragments. Sandstones are more compact as shown 
by the concavo-convex coiilact and bending of lithic 
fragments. 
The Surma Group of sandstones arc mostly poorly to 
moderately sorted, comprising of sub-angular to sub-
rounded. sub-^ Jongatc to sub-equant with carbonate cement 
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and matrix. Plagioclase with albitic twinning is dominant 
over microcline and their grain size is comparable more 
with the finer fraction of the quartz. Some samples indicate 
little compaction with elongate contact and bending of 
mica and micaceous shale, however, commonly framework 
grains, are seen floating in carbonate cement. The carbonate 
cement occurs as pore filling, patchy calcite and poikilotopic 
cement. The liihic fragments show variation in their t}^^ 
and abundance. Shale, siltstone, phyllite, quartzite, quartz-
mica aggregate, quartz-mica schist and chert arc the 
sedimentary, meiasedimentary and metamorphic lithic 
fragments. Sedimentary rock fragments and quartz-mica 
schist are in significant amount and common. Both biotite 
and iiiuscnviie ML present. Argillaceous matrix as well as 
silt size matrix coniains fine quartz grains and mica. 
According lo I-olk's (1980) classification the sandstones 
ol Barail Group and (he Surina Group arc mostly sub-
litharcnitclolilhareniic(rij;.4.). The sandstones of the Surma 
Group are sub-liihareniic and lilharcnite. On the QtFL 
diagram (Fig.5a), the sandstones of both groups plot in the 
"recycled orogen" field (Dickinson, 1985). The Barail 
sandstones fall on the "Craton Interior" and "Quartzose 
Recycle Orogen" fields, whereas the Surma sandstones plot 
in the "Quartzose Recycled Orogen" and 'Transitional 
Recycled Orogen" fields on QmFLt ternary diagram 
{Fig.5b). QpLvLs diagram (Fig.5c) indicates that sandstones 
of both Ihe Groups were derived from collision suture and 
fold-thrust belt source. 
PROVENANCE EVOLUTION 
The petrographic studies of sandstones based on the 
framework composition, a possible source area for the Barail 
and Ihe Surma groups ofSurma-Barak basin are suggested. 
The dominance ol monocrystalline quartz, subangular to 
subrounded ;md subcquant quartz grains, the presence of 
minor potassium feldspar and plagioclase and lithic 
fragments indicate derivation from continental source 
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Fig J . Pho<omicrograph of die Barail sandstone (A,B,C) and (he Surma sandstone (D£. F, Q H) showing (A) Quartz oveigrowth (Qm) 
and K-fcIdspai<microcIinc) (K); (B) roun<led monocystalline quartz and quaiizite fragment (Qzt); (C) rounded quartzite lithic 
fragment; (D) polyctystallinc quartz showing elongate subgrains with elongate contact (Qp), phyilitc (Ph) iitd quartz-mica 
aggregate (Qt-m) lithic fragments; (E) subangular quartz (Qm), abundance of large lithic fragments mostly siltstone fSst), and 
shale (Sh), and polyoysullinc quartz (Qp); (F) quartz and albitic plagioclase (P) in caiciic cement ( Q ; (G) Pollycrysfalline 
quartz (Qp) showing suturing contact, miciocline (K) and chert (Ch); (H) large siltstone lithic fragments (Sit), albitic plagioclase 
(P), polycrystalline quartz {Qp\ with elongate contact, quartz-mica aggregate (Ql-m). 
raiher ihan otDgenic source for most of Ihc Barail sandstone. 
However, the sandstones containing coarse subangular fresh 
feldspar with very few volcanic lithic fragments and 
increased Jithic fragments indicate initial derivation of 
sediments from the orogcnic source, the rising Indo-Burma 
range and Himalayas. Tlie Mishmi Fonnation above the 
Mishmi Thrust comprising of the granitoids including 
dioiile, lonalite and granodiorile with augen and streaky 
gneisses, porphyrilic biotice and hornblende granite 
(Gopendra Kumar, 1997), which lies in the north of Uie study 
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Fig.4. Temaiy diagram of QFR, Folk's dasaficadon (Q- To(aJ 
Quartz, F- Total Feldspar and R- Total rock fragments). 
area and the Naga Metamofphics lying in the north-east and 
east of the study area may shed sediments for this basin. 
The compositional and textural sub-mature sandstones of 
Barail Group suggest moderate diemical weathering and 
source terrain with low relief and possibly coosidereble 
transport-Thc rounded quartz with distinct ovei:growth 
suggests reworking sedimentary source locL Lhhic clast 
content in the sandstone of Barail and Surma Gnxq) helps 
to provide crucial informadon on provenance and source 
rock study. Polycrystaliine quartz with multiple grains(>thtce 
subgrains) with elongate suturing contact and lithic 
fragments of shale, chert, quartzite and phyllitc suggest 
derivation from sedimentary and metamorphic source, 
however, very few granite and gniess fragments and 
polycrystaliine quartz of less than three grains with coarse 
feldspar and biotite indicates some minor contributions 
from the plutonic and volcanic rocks. 
Modal analysis ofsandstoncs of the Surma Group reveals 
abundance of lithic fragments and increasing plagioclase 
feldspar indicating shifting of provenance to orogcnic bell 
during Miocene. Sub-angular and sub-elongate to elongated 
monocrystalline quartz with significant abundance of labile 
lithic fragments such as shale, siltstonc, phyllitc,quartz-mica 
schist suggests rapid erosion and less transport. Most 
monocrystalline quartz grains exhibit undulose extinction 
and fine grained piagioclascs show albitic twinning 
suggesting iow-grade metamorphic source. Presence of 
dominant sedimentary iiihic fragments (shale, siltstonc, very 
fine sandstone and chert), mctascdimcntary (phyllitc, slate, 
quartz-mica schist) and iow-grade metamorphic rock 
fragment mostly fiw: metaquartzite, quartz-mica schist and 
mica schist suggest its immature nature and proximity to 
source area. The presence of diverse mica schist suggests 
derivation from deformed metamorphic rocks. Overall 
framework constituents and texture of sandstone collectively 
suggest their derivalJon from a complex assemblage of 
sedimentary, metasedimentary and low to medium grade 
metamorphic source rock with locally exposed volcanic 
rock. 
DISCUSSION 
Detrital framework constituents of sandstones 
collectively indicate tiie sandstones to be derived from a 
source comprising of sedimentary, metasedimentary and 
low to medium grade metamorphic rocks with minor input 
from plutonic and volcanic rocks. Abundance of large size 
labile lithic fragments in Surma Group of rocks suggests 
proximity of the source area to the depositional basin. The 
bivariatc plot of Qt/FfR and Qp/F+R (Suttncr and Dutta, 
1986) indicates prevalence of humid and semi-humid 
climatic conditions for the Oligocene Barail and Miocene 
Surma sandstones (Hg.6). The influence of tectonic setting 
on sedimentation has been studied by many workers. Two 
tenuuy diagrams e^>ecially useful for identifying sands 
derived fiom continental suture belts are QpLvmLms and 
LmL i^^  (IngersQll and Suczek, 1979) and arc-continent 
collisions may be distinguished from continent-continent 
suture based on tfiese diagrams. These sandstones, although, 
having very low volcanic lidiic fragments indicate major 
contribution of sediment:; fixHn suture belts indicated from 
QpLvmLsm diagram (Rg. 5d) and the LvLmLs diagram 
(Fig.5 e). It, tfius, suggests that the Barail Group received 
sediments from uplifted mountain belt with minor 
contribution from craton, whereas the Surma Group was 
derived from uplifted mountain after collision. 
The petrographit-^tudies show that the subflysch 
Barail sandstone has the characteristics of both cratonic and 
orogenic sediments. The Barail, consisting mainly of thick 
arenaceous sediment, indicates increased supply of sediment 
and the shallowing of basin with the lateral migration of the 
uplifted Indo-Burma orogeny due to continuing collision of 
the India and Burma plates and from the north by a recent 
(middle Eocene) uplift of the Himalayas (Bhattarcharjee. 
1991). However, Uddin and Lundberg (1998 a)explain that 
during Eocene-Oligoccne, the Himalayan source seems 
unUkely for the Barail sandstones of Bengal basin, in Ji^ hi 
of great distance to the Himalaya at that time compared with 
the proximity of the Indian cralon, which is also a potential 
source terrane, however, orogenic deposit may have 
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Fig.6. Bi variant log-log plot of Qt/F+R and Qp/F+R ratio (Suttncr 
and Dutta, 1986) of the Barail and ttic Sunna Group of 
sandstone. 
accumulated in the basin preserve in Assam, which was 
more proximal to orogen during Oligocene (Uddin and 
Lundberg, 1998 b). Barail sandstone deposited during 
Oligocene in the Surma-Barak basin which is more nearer 
to otogenic belts, based on the mineral composition and 
texture, indicates that the Siindstones were derived from the 
multiple sources, that is, \hc rising orogenic belts. Indo-
Burma range and the Himalayas with minor contribution 
from the craton, most probably the Indian craton on the 
west. The Arakan-Chin Geanticline (island arc) developed 
during Late Cretaceous with folding and low-grade 
metamorphism of lower Disang sediment and followed by 
plutonic and volcanic activities also possibly contributed 
sediment for Barail sandstone (Bhattcrchaijec, 1991) 
The Miocene Surma Group sandstone of the Surma-
Barak basin with abundant lithic fragments and less 
feldspar indicate orogenic supply from uplifted Indo-
Burma orogenic belt and Himalaya. Sands derived from 
fold-thrust systems of induraited sedimentary and low-grade 
mctamorphic rocks have consistently low contents of 
feldspar and volcanic rock fragments (Dickinson and 
Suczek, 1979). EHiring Oligocene time Indo-Burma range 
became the positive landmass, west of which developed 
the Surma basin and to the east, tlie central Burma molasse 
basin (Nandy, 2001). The Himalayas began to rise at faster 
rate during late Miocene, supplying large volumes of 
detritus to the Siwalik basin and to the Indian ocean via 
the Gangatic delta into the Bay of Bengal and through the 
Indus delta to the Arabian sea (Naqvi, 2005). Our study 
also suggests that the rising Himalayas and the Indo-Burma 
ranges might have shed sediments to the Surma-Barak 
Basin. 
CONCLUSION 
The Barail sandstones were derived from the rising 
orogenic belts, the Himalayas and the Indo-Burma range 
with minor contribution firofn Indian craton, whereas the 
Surma sandstones were daivcd from the Himalayas and the 
Indo-Burma range. Thus, pctrographic study of clastic 
sediments derived mostly from the orogenic belts, the 
Himalayas and Indo-Burma range and deposited in the 
Surma-Barak, provide a record of the otogcn's evolution 
through time. Amongst many factors, tectonic activity has 
been the dominant factor controlling the nature and 
composition of the sandston(» of the Surma-Barak molasse 
basin. 
Acknowledgements: We thank the Chairman. Prof. 
MahsharRaza, Department of Geology, AMU, Aligarh for 
providing facilities to carr^ out this work. We are also 
thankful to an anonymous reviewer for his valuable 
comments and suggestions that have greatly helped us to 
improve this paper. 
References 
ACHARYYA.S.K. (1986) Tcctorio-sUTitigraphic history of the Naga 
Hills ophiolitcs, Mem. Gcol. Surv. India, v.n9, pp.94-103. 
ACHARRVA, S.K. (1997) Stratigraphy and Ictlonic history 
rcconsiruciion of (lie Indo-Burma- Andaman mobile Belt. 
Indian Jour. Geo!., v.69. pp.2II-234. 
ACHARRYA. S.K. and GHOSH. S.C.(1986) Stratigraphy and 
emplacement iiisiory of the Naga- Hills ophiolitc northern 
Indo-Burmcsc range. Bull. Geol. Min. Mclallur. Soc. India, 
v.54.pp.l-l7. 
BiATTACiWRJEE, C.C. (1991) Ophioliles of northeast India - a 
subduction zone ophiolite complex of the India-Burma 
orogenic belt. Tcctonophys, v. 191, pp.213-222. 
BRUNNSCIWCILER. R.O. (1966) On the Geology of the Indo-Burma 
Ranges. Jour. Geol. Soc., Australia. v.3(l), pp.137-194. 
JOUR.GEOLSOC.INDIA, VOL.71. APRIL 2008 
PROVENANCE AND TEC7X)NIC SETTING OF BARAIL AND SURMA GROUP OF SURMA-BARAK BASIN. MANIPUR 465 
C r a t o n / A A Barail Sandstone 
Inter ior / 3 • Surma Sandstone 
Ls Lvm 
Fig.S. Provenance field ternary diagrams of (a) QtFL, (b) QmFU, (c) QpLvLs, (d) QpLv.nLsm and (c) LmLvLs (a/f<rr Dickinson ct al. 
1983; Dickinson and Suczck. 1979; Ingcrsoil and Suczck, 1979). Fields in (d) are; I - Rifted Continental margin; 2 - Magmatic 
Arcs and Subduciton complexes; 3 - Magmatic Arcs and Rifled Continental margins; 4 - Magmatic Arcs; 5 - Suture belts. 
JOUR.GOOL.SCC.INDIA. VOL.71. APRIL 2008 
PROVENANCE AND TECTONIC SETTING OF BARAIL AND SURMA GROUP OF SURMA-BARAK BASIN, MANIPUR 467 
CHINGKHIU. R. (2002) Application of CIS Tccniqucs in evaluation 
and monitoring of vegetation in Barak basin. Unpublised 
Ph.D. Manipur University, Manipur, India. 
DASGUPTA. S . (1984) Tectonic Trends in Surma Basin and possible 
genesis of the folded Belt. Geo). Surv. India Mem., v. 113 (IV), 
pp. 58-61. 
DICKINSON, W.R. (1970) Interpreting detrital modes of greywacke 
and arkose. Jour Scd. Petrol.. v.40, pp.695-707. 
DICKINSON. W.R. (1985) Interpreting provenance relations 
frotndctrilal modes of sandstones. In: G.C. Zuffa (Ed.), Reading 
pix)venancc from areniies. Reidel.Dodrecht. pp.333-361. 
DICKINSON, W.R. and Suczoc. C.A. (1979) Plate tectonics and 
sandstone compositions. Amer. Assoc. Ptfrol. Gcol. Bull., v.63, 
pp.2164-2182. 
DICKINSON, W.R., BEARD, S.LBRAKENRIIXJE, G.R., ERJAVEC, J .L. 
FERGUSSUSSON. R.C., INMAN.K.F., KNEPP. R.A., LI.NBERG, F.A. 
and RYBERG, P.T. (1983) Provcnana of North American 
Phcnorozoic sandstones in relation to tectonic setting. Geol. 
Soc. Amer. Bull, v.94. pp 222-235. 
EVANS, P. and MATHUR, L P (1964) Oil in India. In: 22"" Int. Geol. 
Congr.. New Delhi. 
Fouc. R.L (1980) Petrology of Sedimentary Rocks. Hemphill 
Austin, Texas. 
GOPENDRA KUMAR (1997) Geology of Aivjnchal Pradesh. Geological 
Society of India, Bangalore. 217p. 
INCERSOLL. R . V . and SUC2EX. C.A. (1979) Petrology and 
provenance of Ncogene sand from Nicobar and Bengal fans, 
DSDPSITES 211 and 218: Jour. Sed. Petrol., v.49, pp.l2l7-
1228. 
INGERSOIX, R.V.. BuLLARD, T.F., FORD, R.L, GRIMM, J.P., PICKLE, 
J.D. and SARES, S.W. (1984) The effect of grain size on delrita] 
modes: A test of the Gazzi-Dickinson point- counting. v,54, 
pp.103-116. 
MrtCHEix, A.H.G. (1993) Cretaceous-Ccnozoic tectonic events in 
the western Myanmar (Burma) - Assam region. Jour. Geol. 
Soc., London, v.150, pp.1089-1102. 
NANDY, D.R. (2001) Gcodynamics cf Northeastern India and 
Adjoining Regions. (ACB Publication, P757 Block-A Lake 
Town, Kolkatta-700089. India. 
NAQVI, S .M. (2005) Geology and Evolution of the Indian Plate 
(From Hadean to HoIoccne-4 Ga to 4 Ka). Capital Publishing 
Company, New Delhi. 
SuTTNER. L.J. and DirrxA. P.K. (1986) Alluvial sandstone 
composition and palcoclimate. Framwork mineralogy. Jour. 
Sed. Peu-ol, v.56. pp.329-345. 
UDDIN, A . and LUNDBERG, N . (1998a) Cenozoic history of the 
Himalayan-Bengal system: Sand composition in the Bengal 
basin, Bamgladesh. GSA Bulletin, v.llO, pp.497-5ll. 
UDDIN, A. and LUNDBERG, N . (1998b) Unroofing of the eastern 
Himalaya and Indo-Burma ranges: Heavy mineral study of 
Cenozoic sediments from Bengal Basin, Bangladesh. Jour. Sed. 
Res.. v.6i!, pp.465-472. 
(Received: 21 March 2007; Revised form accepted: II September 2007) 
/0UR.GE0LSOC.INDIA.V0L7I. APRIL 2008 
